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Pa. of the enſuing, Dion about Lii ght was written 
1 at the defire of ſome Gentlemen of the Royal Society, 
in the Year 1678. and then ſent to their Secretary, and 
read at their Meetings, and the reſt was, added about 

Twelve Years after to complete the Theory; except the 
nl 7hd Book, aud the laſt. Pro tion of the Second, which 

W were ſince put together out of ſcattered Papers. To avoid 
being engaged in Diſputes about theſe Matters, I have 
hitherto dela yed. th Printing, and ſhould till have de- 
aged it, Jad? not-the tmportunity of Friends prevailed upon 

nne. it any other Papers writ on this Subjeft are got out 
of my Hands they.are rmperfef,and were perhaps written 
Leone I had tried all the Experiments here ſet down, 
and fully ſatu fie ed m felf about the Laws of Refradims 
and Compoſition of Colours. T have here Publiſhed what 
thint Proper to come abroad, wiſhing that it may not be 
Tanſtated into another Language "without my Conſent. 

W {heCrownsof Colours, which ſometimes appear about 
e Sur and Moon, I have endeavoured to give an Ac- 
count of ; but for want of ſufficient Obſervations leave that 
Matter to be further examined. The Subject of the Third 
Book have alſo left imperfef, not 3 tried all the 
7 Expe- 


I Thad ati 
communicate what I have 


Circumflances. To 
zed, and leave the reſt to 


ar Figures, 
8 — or other 
be compare | 
cuntaining 
Thie 3 


3 publict, prefixing to it an end, and J 10 
nn concerning 


The FIRST BOOK © 


OF 


** 


0 
8 4 


V Deſign in this Book is not to explain the Pro- 
perties of Light by Hypotheſes, but to propoſe 
171 and prove them by Reaſon and Experiments: 
In order to which, I ſhall premiſe the following Defini- 
tion ic Mie ns 5 


DEFINITIONS. 
P' the Rays of Light I underſtand its leaſt Parts, and thoſe | 


ds well Succeſſive in the ſame Lines as Contemporary in ſe- 
veral Lines. For it is manifeſt that Light conſiſts 'of parts 
both Succeſſive and Contemporary; Bech in the ſame 
place you may ſtop that which comes one moment, and 
let ball that which comes preſently after; and in the ſame 
time you may ſtop it in any one place, and let it paſs in 
any other. For that part of Light which is ſtopt cannot 


* 


be the ſame with that which is let paſs. The leaſt Light 
or part of Light, which may be 8 alone without the 
reſt of the Light, or propagated alone, or do or ſuffer any 
WEL 2 ; thing 


1 which the reſt of the Light doth not or ſuf- 
ers noh Fall”? Ray 5 | | gh. ©. F 1 N 
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Refrangibility of the Rays of Light, is their Diſpoſition to be 
refralſed or tuned out of their Way in paſſing aut of one tranſ- 
parent Body or Medium to another. And a greater or leſs k - 
frangibility of Rays, is their Diſpoſition to be turned more or leſs 
out-of their Way in like Hicidences on the ſame Medium. Mathe- 
maticians uſually conſider the Rays of Light to be Lines 
reaching from the luminous Body to the body illumina- 
ted, and the refraction of thoſe Rays to be the bending 
ar breaking of choſe Lines in their paſſing out of one Me- 
dium into another.” And thus may Rays and Reffactions 
: conkidered, il Light be propagated in an inſtant. But 
an Argument taken frem the Æquations of the times 
of the Eclipſes of Jupiter's Satellites it ſeems that Light is 
propagated in time, ſpending in its paſſage from the Sun 
to us about Seven Minutes of time: And therefore I have 
choſen to define Rays and Refractions in ſuch general 
terms as may agree to Light in both caſes. 5 


 DEFIN. III. 


Reflexibility of Rays, is their Diſpoſition to be turned back ints 
the ſame Medium from any other Medium upon whoſe Surface they 
fall. And Rays are more. or leſs' reflexible , which are returned 


» 
* 


— 


Air, and by being inclined more and more to the com- 


77 


DE FfN. N 


The Angl e of Incidence, is that Angle which the Line deſcribed 
by the incident Ray contains with the Perpendicular to toe — 
ting or Haas Swfect a de Prin 5 idence. 


D EPI N. V. 


The Angle of Reflexion. or - Refraffion, is 5 the Angle e which the 
Line deſeribed by the. reflected or refracted Ray eth with 
the Perpendicular to the reflefling or a 5 9 at che 
Point thy Incidence. 


DEIN vi 


The ths 421 nicidence, Reflexion, and Refrattion, ware 5 he 
Sines of the Angles of Incidence, Reflexion, and ROE. 


DEFIN. VIE 


ET Li 216" whoſe Ray ys ate all dike Weg ae; 1 call Sim 
ple, Homogeneal ph Similar; and that whoſe h. are ſome 
more Refrangible than others, I call Compound, Heterogeneal and 
Diſimilar. The former Light J call Homogeneal, not 


becauſe-I- would affirm. it ſo. in all reſpects; but becapſe 
the Nays which agree in e agree atleaſt in, 


all thoſe their other oo, ep ; Ken [ conlider 1 in the 


e S. 


DE EIN. VII. 


The Calan 13 Sn, bo Li 1 + Ie 1 Mg E. 
geneal and Simple and thoſe of. Tet terogeneal. ; Lights, Heteros 857 
E and Compon = uf For theſe are always compounded, o 


— © * 
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the colours of Hömogenel Lights; as will appear int e 
4 2 | AXT 


following Diſcourſe. 
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H E A 75 1 IE; LES ang Refrain, * 
in one and the ſame Plone. D158) 


"AE 3 
\ De 45 1 e o Reflein is equal. to the 2 6 * Incidence. 


Fo £0 58 II. 


If the refracted Ray be returned direAly * to the Pant 
of Incidence, it ſhall be refratted into the Line before deſeris 
1 the 2 N. „ e 


AX. IW. 


Refraftion out of the rarer Medium into the denſer , is made 
towards the Perpendicular ;. that is, ſo that the An ! e of Na- 
ction be | 2 than the Angle of Incidence 


AX. . | 


The Sine F Incidence, is- * accurately or very nearly in a 
given Ratio to the Sine of Refraftion. 


Whence if that Proportion be known in. any one li- 


nation of the incident Ray, tis known in all the Inclina- 


tions, and thereby the Refraction in all caſes of Incidence 


on the ſame bang Body may be determined. Thus 
if the Refraction be made out of Air into Vater, the Sine 
of Incidence of the red Light is to the Sine of its Refra- 
tion as 4 to 3. If out of Air into Glaſs, the Sines are 
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45 17 to 11. In Light of other Colours the Sines have 
other Proportions: but the difference is ſo little that it 
need ſeldom be conſide reer. 1 

Suppoſe therefore, that R S repreſents the Surface of Fig. r. 
ſtagnating Water, and C is the point of Incidence in 
which any Ray coming in the Air from A in the Line 
AC is reflected or refracted, and I would know whether 
this Ray ſhall go after Reflexion or Refraction: I erect 
upon the Surface of the Water from the point of Inci- 
dence the Perpendicular CP and produce it downwards 
to Q, and conclude by the firſt Axiom, that the Ray af- 
ter Reflexion and Refraction, ſhall be found ſomewhere in 
the Plane of the Angle of Incidence A CP produced. x 
let fall therefore upon the Perpendicular CP the Sine of 
Incidence A D, and if the reflected Ray be deſired, I pro- 
duce AD to B fo that DB be equal to A D, and draw 
CB. For this Line C B ſhall be the reflected Ray; the 
Angle of Reflexion B CP and its Sine BD being equal 
to the Angle and Sine of Incidence, as they ought to be 
by the ſecond Axiom. But if the refracted Ray be de- 
ſired, I produce A D to H, fo that D H may be to AD- 
as the Sine of Refraction to the Sine of Incidence, that is 
as 3 to 4; and about the Center C and in the Plane A CP 
with the Radius C A deſcribing a Circle AB E I draw 
Parallel to the Perpendicular CP Q, the Line H E cutting 
the circumference in E, and joyning C E, this Line CE 
ſhall be the Line of the refracted Ray. For if E E be let 
fall perpendicularly on the Line PQ, this Line E F ſhall 
be Ts Sine of Refraction of the Ray CE, the Angle of 
Refraction being EC Q; and this Sine E F is equal to 
D H, and conſequently in Proportion to the Sine of Inci- 
dence A D as 3 to 4. Sn . 


_* 


Fig. 2. 


muſt on the contrary be to the Sine of Refraction as 11 


in three Parallel Lines running from the three An 


 refracted- Ray MN by the Proportion of the Sines 17. 
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nn like manner, I there be a 
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manger,” it rife of Glaſs (char is 4 
Glaſs bousded with two: ws 78 and Parallel Triangnfar 
ends, and three plane and well polifhed' Sides, which meet 


JE 


* 


ming three Angles of 
Refraction of the Eight i patfing croſs this Priſm be deſi- 
red: Let AC B repreſent a Plane cutting this Priſm tranſ- 
verlly to its three Parallel lines or edges there where the 
Light paſſeth through it, and let JE! be the Ray inci- 
dent upon the firſt fide of the Priſm, A C where the Light 
goes. inte dee Cle; And by purcng che Proportion of 
the Sine of incidence to the Sine of Reffaction as 17 to 
i1 find E the firſt refracted Ray, Then taking this Ray, 
for the Incident Ray upon the ſecond ſide of the Glaſs B & 
where the Light goes out, find the next refracted Ray FG 
by putting che Proportion of the Sine of Incidence to the 
Sine of Nefraction as 11 to 17. For if the Sine of Inci- 
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as 17 to 11, the Sine of Incidence out of Glaſs into Air 


to 17, by the third Axiom. . . 
Much after the ſame manner, if A CB D repreſent a 
Glaſs-ſpherically Convex on both fides. (uſually: called a 


Lens, ſuch as is a/Burning-glaſs, or Spectacle-glaſs, or an. 
Object- glaſs of a Teleſcope): and it e required to know. 
how Light falling upon it from any lucid point Q ſhall: 
be reſtacted, let QM repreſent” a Ray fallin upon any- 
point M of its firſt r Surface A CB, and by ereckin 3 
a Perpendicular: to the Glaſs at the point. M, find the ful 
to 11. Letr-that Ray in going Gut of the Glaſs.be inci-- 
dent upon N, and then find the ſecond reffacted Ray N q 
by the Proportion of the Sines 11 to 17. And after the 


ſame 


71 
fame manner may che Refraſtion be found when the 
Lens is Convex on one fide and Plane or Concave ori 
the other, or QCongave on both Sides: s 
Homogenedl Rays which flow, from ſeveral Points of any Ob. 
jet, ai fall almoſt Perpendicularly on any reflecking 4 
fing Plane or Spherical Surface „ ſt all afterwards verge rom 
fo many other Points, or be Parallel to ſo many other Lines, or 
converge to ſo many other Points, either accurately or without any 
ſenſible Error. And the ſame thing will happen, if the Rays be 
reflected or refrafted ſucceſſively by two or three or more Plane 


#/ = & 


* 


ny reflectin or refra- 


* 


or ſpherical Surfaces. 


The Point from which Rays diverge or to which they 
converge may be called their Focus. And the Focus of 
the incident Rays being given, that of the reflected or re- 
fracted ones may be found by finding the Refraction of 
any two Rays, as above; or more teadily thus. : 
Caſ. 1. Let AC be a reflecting or refracting Plane, Fig. 4. 
and Q the Focus of the incident Rzys, and Q q C a per- 
pendicular to that Plane. And if this perpendicular be 
on to q, fo that q C be equal to QC, the point 4 
hall be the Focus of the reflected Rays. Or if 4 C be 
taken on the ſame ſide of the Plane with Q C and in Pro- 
portion to QC as the Sine of Incidence to the Sine of 
1 poo the point q ſhall be the Focus of the refrac- 
ted Rays 1 * 
Cal. 2. Let AC B be the reflecting Surface of any Fig. 5. 
Sphere whoſe Center is E. Biſect any Radius thereof (ſup- 
poleE C) in T, and if in that Radius on the ſame fide he 
point T you take the Points Q and q, ſo that T Q, TE, 
and T'q be contintal Proportionals, and the point Q be 
FE the 
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«a+ : TCR... 0 EN "+3 * 3 * Wi W (Hd a 9 


Fig. 5 n 0 Cn 32 Ser 1 be & >] Laber FI any —_ 
Sphere whoſe Center is E. In any Radius thereof EC 
5 roduced both ways take E T and Ct ſeverally in fuch MY 
fl 4 to chat Radius as the: leſſer of the Sines o 
Incidence and Refraction hath. to the difference of thoſe | 
i ines, And, then if in the lame Line you find any two MK 
. 1 ae and 5 ſo 50 'T, 1 be. to E T as E t to t 4, 
on at. which T Q lieth from 1 
- the Focus of any incident Rays, a 
ocus of the refracted one. 
And VV the ſame means the Focus of the Rays after 
two or more Reflexions or Refractions may be found. 23 
Fig. 7. Ca. 4. Let A CBD be any refracting Lens, ſpheri . 
22 Convex or Concave or Plane on either ſide, and let 
4 CD ) be its Axis (that is the Line which cuts boch; its Sur- 3 
= faces erpendicularly, „ and paſſes through the Centers of 
| the Spheres,) and in this Axis let F and / be 
reelracted Rays found as above, when the incident Rays 
on both ſides the Lens are Parallel to the ſame Axis; and 
upon the Diameter F f biſected in E, deſcribe a Gircle. AF 
| Suppoſe now that any Point Q be the Focus of any inci> 
dent Rays. Draw QE cutting the ſaid Circle in T and t, A 
S and therein take t t in ſuch Proportion to t E as t E or T E 
. 4 hath to T N Te t 4 lye the contrary way from t which 
= n from T, and q ſhall be the Focus of the refrac- 
ted Rays without an Oe Error, provided the Point 
SF 1 Q. be not ſo remote from the Axis, nor the Lens fo broad b 
1 — 1 5 make any of the 555 Ball - too obliquely: on 1 1 
= * il fractir Surt „„ _—_ 
And 1 75 the like Ox ; 
[| acting Surfaces be. on | when, che rwo Foci are given, 
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and thereby a Lens be formed, which ſhall make the Raj 


- . 
a 2 + 


flow towards or from what place you pleaſe. © 
So then the meanin 


before their Incidence flow from or towards any Point Q, 

they ſhall after Reflexion or Refraction flow flom or to- 
wards the Point q found by the foregoing Rules. And if 
the incident Rays flow from or toward: Nerat points Q, 
the reflected or refracted Rays ſhall flow from or towards 
fo many other Points 4 found by the ſame Rules. Whe- 
ther the reflected and refracted Rays flow from or towards 
the Point q 1s eaſily known by the ſituation of that Point. 


For if that Point be on the ſame ſide of the reflecting or 


refracting Surface or Lens with the Point Q, and the in- 


cident Rays flow from che Point Q,, the reflected flow to- 
wards the Point q and the refracted from it; and if the 
incident Rays flow towards Q, the reflected flow from 4, 
and the refracted towards it. And the contrary happens 
when q is on the other ſide of that Surface. 931 
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by 
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ning of this Axiom 18; char if Rays 


Wherever the Rays which come from all the Points of any Ob. 


ject meet again in ſo many Points after they have been made to 
converge by Reflexion or Refraction, there they will make a Pic- 
ture of the Object upon any white Body on which they fall. 


So if PR repreſent any Object without Doors, and AB Hg. 3. 


be a Lens placed at a hole in the Window-ſhut of a dark 


Chamber, whereby the Rays that come from any Point Q 


of that Object are made to converge and meet again in 


the Point q; and if a Sheet of white Paper be held at 4 


tor the Light there to fall upon it: the Picture of that 
Object PR will appear upon the Paper in its proper Shape 
ow and 


5 


| | 4 1 
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and Colours. For: as the Light which comes from the 
Point Q goes to the Point q, ſo! the Light which comes 
from other Points Þ and R of the Object, will go to ſo 
many other correſpondent Points p and / (as is manifeſt 
by the ſixth Axiom ;) ſo chat every Point of the Object 
fhall illuminate a correſpondent Point of the Picture, and 
thereby make à Picture like the Object in Shape and Co- 
lour, this only excepted that che Picture ſhall be inverted. 
And this is the reaſon of that Vulgar Experiment of caſt- 
ing the Species of Objects from abroad upon a Wall or 
Sheet of: white Paper in a dark Room. 


Ea 


In like manner when a Man views any Object PQ R, 
the Light which comes from the ſeveral Points ot the Ob- 
ject is ſo refracted by the tranſparent skins and humours 
of the Eye, (that is by the outward coat E FG called the 
Tunica Cornea, and by 'theroryſtalline humour AB which is 
beyond the Pupil mk as to converge and meet again at 
fo many Points in the bottom of the Eye,and there to paint 
the Picture of the Object upon that skin (called the Tu- 
nica Retina) with which the bottom of the Eye is covered. 
For Anatomiſts when they have taken off from the bot- 
tom of the Eye that outward and moſt thick Coat called 
the Dura Mater, can then ſee through the thinner Coats 
the Pictures of Objects lively painted thereon. And theſe 
Pictures propagated by Motion along the Fibres of the Op- 
tick Nerves into the Brain, are the cauſe of Viſion. For 
accordingly as theſe Pictures are perfect or imperfect, the 
Object is ſeen perfectly or imperfectly. If the Eye be tin- 
ged with any colour (as in the Diſeaſe of the Jaundiſe) ſo 
as to tinge the Pictures in the bottom of the Eye with that 
Colour, then all Objects appear tinged with the ſame Co- 
lour. If the humours of the Eye by old Age decay, ſo 
as by ſhrinking to make the Cornea and Coar of the Cry- 
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v 8 4 q F 
--2 „ ** 
DEN 5 


= hrs} K 
1 * N 7 

* 5 - 
A 1 „ 


—_— 

ftaline dumour grow flatter than before, the Light will not be 

refracted enough, and for want of a ſufficient Refraction 

will hot converge to the bottom of the Eye but to ſome 

place beyond it, and by conſequence paint in the bottom 

of the Eye a confuſed Picture, and according to the indiſtinct- 

neſs of chis Picture the Object will appear confuſed.” This 

is the reaſon of the decay of Sight in old Men, and ſhews 

why their Sight is mended by Spectacles. For thoſe Con- 

vex-glaſſes ſupply the defect of plumpneſs in the Eye, and 

by encreaſing the Refraction make the Rays converge ſooner 

ſo as to convene diſtinctly at the bottom of the Eye if the | 

Glaſs have a due degree of convexity. And the contra 

happens in , ern Men whoſe Eyes are too plump. ß 

For the Refraction being now too great, the Rays converge 

and convene in the Eyes before they come at the bottom; 

and therefore the Picture made in the bottom and the Viſion 

cauſed thereby will not be diſtinct, unleſs the Object be 


brought ſo near the Eye as that the place where the con- 


verging Rays convene may be removed to the bottom, or 


that the plumpneſs of the Eye be taken off and the Refra- 
ctions diminifhed by 'a Concave-glaſs of a due degree of 
Concavity, or laſtly chat by "Ry! Eye grow flatter till it 
come to a due Figure: For ſhort-· ſighted Men ſee remote 
Objects beſt in Old Age, and therefore they are accounted 
to have the moſt laſting Eyes, 
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44 Object ſeen by Neft din or Nefracti 


4 Neffe xlon or Refrattion, appears in that plate 
from whence the Rays after their laſt Reflexion or Refraction di- 
Verge in falling on the Spectators Ee. 

If che Object A be ſeen by Reflexion of a Looking- Fig. 9. 
glaſs m u, it ſhall appear, not in it's proper place A, but 

; B 2 behind 


Be” 


AD, whith flow from one and the ſame Point of the Ob- 
ject, do after their Reflexion: made in the Points B, C, D, 
diverge in going from the Glaſs to E, E, G, where they 
are incident on the Spectator's Eyes. For theſe Rays do 
make tlie ſame Picture in / the bottom of the Eyes. as-if 
they had come from the Object realſy placed at a without 
the interpoſition af the Looking-glaſs; and all Viſion is 

made according to the place and ſhape of that Picture. 

Eg. 2. In like manner the Object D ſeen through a Priſm. ap- 

. pears not in its proper ꝓlace D, but is thence tranſlated to 

fome other place d ſituated in the laſt refracted Ray F G. 
Fg. 10. And fo the Object Q een through the Lens AB, appears 

at the place 4 from whence the Rays diverge in paſſing 

from the Lens to the Eye. Now it is to be noted, that te 

Image of the Object at q is ſo much bigger or leſſer tan 

the Object it felf at Q, as the diſtance of the Image ar 

7 from the Lens AB is hi aer or leſs than the diſtance of 

the Object at: Q from the ſame Bens. And. if the Object 
be. ſeen through two, or more ſuch Convex or Concave- 
glaſſes, every- Glaſs ſhall make, a new Image, and the. Ob- 

_ ject-ſhall appear in the place and of the bigneſs of the laſt 

Image. Which. conſideration unfolds the Theory of Mi- 

moſt nothing elſe than the deſcribing ſuch Glaſſes as ſhall 

make the laſt Image of any Object as diſtinct and large 
and luminous as it can conveniently be made. 

I have now given in Axioms and their Explications the 
ſumm of what hath hitherto been treated of. in Opticks. 
For: what hath been generally agreed on content my 
ſelf to aſſume under the notion of Principles, in order to 

hat I have further to write. And this may ſuffice for an. 


Intro- 


Introduction to Readers of quick Wit and good J 
ſtanding not yer verſed in Opticks: Although thoſe who 


. Ty 
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are already acquainted» with this Sciente, and have 
handled Glaſſes, will more readily 2A prehend what ; fol- 
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Exper. 1. I took a black oblong ſtiff Paper terminate 

Parallel Sides, and with a Perpendicular right Line 
drawn croſs from one Side to the other, diſtinguiſhed it 
into two equal Parts. One of theſe Parts I painted with 
a red Colour and the other with a blew... The Paper was 
very black, and the Colours intenſe and thickly laid on, 


* 


that the Phænomenon might be more conſpicuous. This 


Paper I viewed through a Priſm of ſolid: Glaſs, whoſe two 
Sides through which the: Light paſſed to the Eye were 
plane and well poliſhed, and contained an Angle of abont 
Sixty Degrees: which Angle I call the refracting Angle of 
the Priſm. And whilſt I viewed it, 'I held it before a 
Window in ſuch manner that the Sides of the Paper were 
parallel to the Priſm; and both thoſe Sides and the Priſm - 
parallel to the Horizon, and the croſs Line perpendicular 


to it ; and. that the Light which fell from the Window 
| upon 
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upon the Paper made an Angle with the Paper, equal to 

that Angle Which was made with the ſame Paper by thr 
Light reflected from it to the Eye. Beyond the Priſm was 
the Wall of the Chamber under the Window covered over 


[14] 


with black Cloth, and the Cloth was involved in Dark- 
neſs that no Light might be reflected from thence, which 
in paſſing by the edges of the Paper to the Eye, might 
mingle it ſelf with the Light of the Paper and obſcure the 
Phænomenon thereof. Theſe things being thus ordered, 
I found that if the refracting Angle of the Priſm be turned 


-upwards, ſo that the Paper may ſeem to be lifted upwards 
by the Refraction, its blew half will be lifted higher by 


the Refraction than its red half. But if the refracting 


Angle of the Priſm be turned downward, ſo that the Pa- 


per may ſeem to be carried lower by the Refraction, its 


blew half will be carried ſomething lower thereby than 
its red half. Wherefore in both caſes the Light which 
comes from the blew half of the Paper through the Priſm 
to the Eye, does in like Circumſtances ſuffer a greater Re- 


Fig. 11. 


e. 


the parallel edges of t 
F 2 the Image of the Paper ſeen by Refraction up- 
wards in ſuch manner that the blew half D G is carried 
higher to 4g than the red half F E is to fe, and therefore 


fraction than the Light which comes from the red half, 
and by conſequence is more refrangible. | 


» + uſtration.. In the Eleventh Figure, MN repreſents the 
Window, 4 2 
D and HE, and by the tranſverſe Line F G diftinguiſhed 
the other F Eof an intenſely red. And BACcab repre- 
ſents the Priſm whoſe refracting Planes ABb a and ACca 


and D E the Paper terminated with parallel Sides 


meet in the edge of the refracting Angle A a. This edge 
Aa being upward, is . both to the Horizon and to 


he Paper DJ and HE. And de re- 


ſuffers 


A 
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ſuffers 2 greater Reftaction. If the edge of the ebene a 


Angle be turned downward, the Image of the Paper wil 


nd the blew half 


> : 
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will be refracted lower to 3. than the red half is to . 
Exper. 2. About the aforeſaid Paper, whoſe two halfs 
were painted over with red and blew, and which was ſtiff 
like thin Paſtboard, I lapped ſeveral times a ſlender chred 
of very black Silk, in ſuch manner that the ſeveral parts 


be refracted downward ſuppoſe to de, a 


of the thred might appear upon the Colours like ſo many 


black Lines drawn over them, or like long and ſlender 


dark Shadows caſt upon them. I might have dran black 


Lines with a Pen, but the threds were ſmaller and better 
defined. This Paper thus coloured and lined I ſet againſt 
a Wall perpendicularly to the Horizon, ſo that one of the 
Colours might ſtand to the right hand and the other to 
the left. Cloſe before the Paper at the confine of the Co- 
lours below I placed a Candle to illuminate the Paper 
ſtrongly: For the Experiment was tried in the Night. 
The flame of the Candle reached ap to the lower edge of 
the Paper, or a very little higher. Then at the diſtance of 
Six Feet and one or two Inches from the Paper upon the - 
Floor I erected a glaſs Lens four Inches and a quarter 
broad, —— collect the Rays coming from the 


ſeveral Points of the Paper, and make them converge to- 


wards ſo many other Points at the ſanie diſtance of ſix 
Feet and one or two Inches on the other ſide of the Lens, 
and ſo form the Image of the coloured Paper upon a white 
Paper placed there; after the ſame manner that a Lens at 
a hole in a Window caſts the Images of Objects abroad 
upon a Sheet of white Paper in a dark Room. The afore- 
ſaid white Paper, erected perpendicular to the Horizon 
and to the Rays which fell upon it from the Lens, I moved 
ſometimes towards the Lens, ſometimes from it, to find 
8 the 


Fig. 12. 


the places Where the Images of the blew and red ons of 


the coloured Paper appeared moſt diſtinct. Thoſe places 
I eafily; knew by the Images of the black Lines which 1 
had made by winding the Silk about the Paper. For the 
their blackneſs were like Shadows on the Colours) were 
conſuſed and ſcarce viſible, unleſs when the Colours on ei- 
ther ſide of each Line were terminated moſt diſtinctly. 
Noting; therefore, as diligently as I could, the places where 


the Images of the red and blew halfs of the coloured Pa- 
per _— ed moſt diſtinct, I found that where the red 


the Paper appeared diſtinct, the blew half appeared 
ed, ſo that the black Lines drawn upon it could 


— 
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ſcarce be ſeen; and on the contrary. where the blew half 


appeared moſt diſtin&t the red half appeared confuſed, fo 
the black Lines upon it were ſcarce viſible. And be- 


= OO 


tween the two places where theſe Images appeared diſtinct 


there was the. diſtance of an Inch and a half : the diſtance 
of the white Paper from the Lens, when the Image of the 
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_—-c ID ana 
: TMuſtration. In the Twelfth Figure, DE fignifies the co- 


loured Paper, D G the blew half, FE the red half, MN 


the Lens, HJ the white Paper in that place where the red 
half with its black Lines appeared diſtin&, and hi the-ſame 
Paper in that place where the blew half appeared diſtinct. 
The place hi was nearer to the Lens MN than the place 
HJ by an Inch and an half. Scholium. 


nes (which by reaſon of 


co oured Paper app cared moſt diſtinct, be- 
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Scholium. The ſame things ſucceed notwithſtanding that 
ſome of the Circumſtances be varied: as in the firſt Ex- 


periment when the Priſm and Paper are 'any ways inclined 
to the Horizon, and in both when coloured Lines are 


drawn upon very black Paper. But in the Deſcription of 
theſe Experiments, I have ſet down ſuch Circumſtances 
by which either the Phxnomenon might be rendred more 
conſpicuous, or a Novice might more eaſily try them, or 
by which I did try them only. The ſame thing I have 
often done in the following Experiments: Concerning all 
Imonition may ſuffice. Now from theſe 
Experiments it follows not that all the Light of the blew 
is more Refrangible than all the Light of che red; For 
both Lights are mixed of Rays differently Refrangible, 
So that in the red there are ſome Rays not leſs Refrangible 
than thoſe of the blew, and in the blew there are ſome 
Rays not more Refrangible than thoſe of the red; But 
theſe Rays in Proportion to the whole Light are but few, 


and ſerve to diminiſh the Event of the Experiment, but 


are not able to deſtroy it. For if the red and blew Co- 
lours were more dilute and weak, the diſtance of the Ima- 
ges would be leſs than an Inch and an half; and if they 
were more intenſe and full, that diſtance would be greater, 
as will appear hereafter. Theſe Experiments may ſuffice 
for the Colours of Natural Bodies. For in the Colours 
made by the Refraction of Priſms this Propoſition will 
appear by the Experiments which are now to follow in the 


next Propoſition. 
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Na very dark Chamber at a round hole about 


I one third part of an Inch broad made in che 

Shut of a Window I placed 2: Glaſs Prifm, whereby the 
beam of the Suns Light which came in at thar hole might 
be refracted upwards toward the oppoſite Wall of tlie 
Chamber, and there form 2 colouted of the 
Sun. The Axis of the Prifm (that is che Line paſſing 
through the middle of the Priſm from one end of it to 
iht other end Parallel to the edge of the Refracting Angle) 
was in this and che following Experiments perpendicular 
to the incident Rays. About chis Axis Pttirned the Priſm 
lo wly , and faw the refracted Light on the Wall or co- 
loured Image of the Sun firſt to deſcend and then to aſ- 
cend. Between the Deſcent and Aſcent when che Image 
feemed Stationary , I ſtopt che Priſm, and fixt ic in that 
Poſture, that it ſhould be moved no more. For in that 
poſture the Refractions of the Light at the two ſides of 
the Refracting Angle, chat is at the entrance of the Rays 
into the Prifm and at their going out of it, were equal to 
one: another. So alſo in other Experiments as often as I 
would have the Refractions on both ſides the Priſm to be 
equal to one another, I noted the place where the Image 
of the Sun formed by the refracted Light ſtood till be- 
tween its two contrary Motiens, in the common Period 
of its progreſs and egreſs; and when the Image fell upon 
that place, I made faſt the Priſm. And in this poſture, as 
| the 


FEE A am 


che Moſt convenient, it is to be underſtood that all the Prims 
are placed in the following Experiments, unleſs where ſore 
other poſture is deſcribed. The Priſm therefore being pla- 
ced in this poſture, I let the refracted Light fall perpendi- 
cularly upon a Sheet of white Paper at the * Wall 
of the Chamber, and obſerved the Figure and Dimenſions 
of the Solar Image formed on the Paper by that Light. 
This Image was Oblong and not Oval, but terminated 
with two Rectilinear and Parallel Sides, and two Semi- 
circular Ends. On its Sides it was bounded pretty diſtinctly, 
but on its Ends very confuſedly and indiſtinctly, the Light 
chere decaying and vaniſhing by degrees. The breadch of 
this Image anſwered to the Sun's Diameter, and was about 
exo Inches and the eighth part of an Inch, including rhe 
Penumbra. For the Image was eighteen Feet and an half 
diſtant from the Priſm, and at this diſtance that breadth if 
diminiſhed by the Diameter of the hole in the Window- ſhut, 
chat is by a quarter of an Inch, ſubtended an Angle at the 
Priſm of about half a Degree, which is the Sun's apparent 
Diameter. But che length of the Image was about ten Inches 


22 
.. 


and a quarter, and the length of the Rectilinear Sides about 
eight Inches; And che refracting Angle of the Priſm where- 
by ſo great a length was made, was 64 degr. With a leſs 
Angle the leugth of the Image was leſs, the breadth re- 
maining the ſame. If the Priſm was turned about its Axis 
that way which made the Rays emerge more obliquely ont 
of the ſecond reſracting Surface of the Priſm, the Image ſoon 
became an Inch or two longer, or more; and if the Priſm 


was turned about the contrary way, ſo as to make the Rays 
fall more obliquely on the ſirſt mig Surface, the Image 
ſoon became an Inch or two ſhorter. And therefore in try- 
ing this Experiment, I was as curious as I could be in pla- 
cing the Priſm by the above-mentioned Rule exactly in 
225 e 7 ſuch 


Fed i — : 
ſuch a poſture that the Refractions of the Rays at their emer- 
gence out of the Priſm might be equal to that at their inci- 
dence on it. This Priſm had ſome Veins running along 
within the Glaſs from one end to the other, which ſcat- 
tered ſome of the Sun's Light irregularly, but had no ſen- 
ſible effect in encreaſing the length of the coloured Spec- 
trum. For ] tried the fame Experiment with other Priſms 
with the ſame Succeſs. And particularly with a Priſm 
which ſeemed free from ſuch Veins, and whole refracting 
Angle was 622 Degrees, I found the length of the Image 9? 
or 10 Inches at the diſtance of 18 Feet from the Priſm, 
the breadth of the hole in the Window-ſhut being 2 of an 
Inch as before. And becauſe it is eaſie to commit a mi. 
ftake in placing che Priſm in its due poſture, 1 repeated 
the Experiment four or five times, 190 always found the 
length of the Image that which is ſet down above. With 
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another Priſm of clearer Glaſs and better Polliſh, which 
feemed free from Veins and whoſe refracting Angle was 
63 * Degrees, the length of this Image at the ſame diſtance | 
of 18: Feet was alſo about 10 Inches, or 103. Beyond 
theſe Meaſures for about ? or £ of an Inch at either end of 
the Spectrum the Light of the Clouds ſeemed to be a little 
tinged with red and violet, but fo very faintly that I ſuſpe- 
ed that tincture might either wholly or in great 8 
ariſe from ſome Rays of the Spectrum ſcattered irre- 
gularly by ſome inequalities in te Subſtance and Poliſh: 
of the Glaſs, and therefore I did not include it in theſe 
Meafures. Now the different Magnitude of the hole in 
theWindow-ſhut, and different thickneſs of the Priſm where 
the Rays paſled through it, and different inclinations of the 
Priſm. to the Horizon, made no ſenſible changes in the 
kength of the Image. Neither did the different matter of 
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the Priſms make any: for in a Veſſel made of poliſhed 
Plates of Glaſs cemented together in the fhape of à Priſm 
and filled with Water, there is the like Sueceſs of the Ex- 
periment according to the I of the Refraction. It 
is further to be obſerved, that the Rays went on in right 
Lines from the Prifm to the Image, and therefore at their 
very going out of the Priſm had all that Inclination to 
one another from which the length of the Image pro- 
ceeded, that is the Inclination of more than two Degrees 
and an half. And yet according to the Laws of Opticks 
vulgarly received, they could not poſſibly be ſo much in- 
clined to one another. For let E & repreſent the Window - Fig. 
ſhut, F the hole made therein through which a beam of the 
Sun's Light was tranſmitted into the darkned Chamber, and 
ABC a Triangular Imaginary Plane whereby the Priſm is 
feigned to be cut tranſverfly through the middle of rhe 
Light. Or if you pleaſe, let ABC repreſent the Priſm it 
ſelf looking directly towards. the Spectator s Eye with its 
nearer end: And let XV be the Sun, MN thePaper upon 
which the Solar Image or Spectrum is caft, and P T the 
Image it ſelf whoſe ſides tovvards V and W are Rectili- 
near and Parallel, and ends tovvards P and T Semicir- 
cular. YK HP and X LF T are the two Rays, the firſt 
of which comes from the lower part of the Sun to the 
higher part of the Image, and is refracted in the Priſm at 
K and H, and the latter comes from the higher part of 
the Sun to the lower part of the Image, _ is refracted 
at L and J. Since the Refractions on both fides the Priſm 
are equal to one another, that is the Refraction at K equal 
to the Refraction at J, and the Refraction at L er to 
the Refraction at H, ſo that the Refractions of the inei- 
dent Rays at K and L taken together are equal to the 
Refractions of the emergent Rays at H and J taken toge- 
. 5 ther: 
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hole, and turning the Priſm to and fro about its Axis to 
make the Image of the hole afcend and deſcend, when be- 
tween its two contrary Motions it ſeemed ſtationary, 1 
ſtopt the Priſm that the Refraftions on both fides of the 
former Experiment. In this Sittration of the Priſm view- 
ing through it che faid hole, J obſerved the length of its 
teftacted Image to be r 26 an its breadth, 
and that the moſt refracted part thereof appeared violet, 


t 
che leaſt refracted red, the middle parts blew green and 
How in order. The ſame thing happened when Fre- 
moved the Priſm out of the Suns Light , and looked 
through it upon the hole ſhining by the Light of the 
Clouds beyond it. And yet if the Refractioſt were done 
regularly according to one certain Proportion of the Sines 
of Incidence and Reftaction as is vulgarly ſuppoſed, the 
refracted Image ought to have appeared round. 115 
So then, by thefe two Experiments it appears that in 
equal Incidences there is a conſiderable inequality of Re- 
fractions: But whettce this inequality ariſes, whether it be 
that ſome of the incident Rays are reftacted more and 
others leſs, eotiſtantly or by chance, or that one and the 
fame Ray is by Reftaction diſturbed, ſhattered, dilated, 
and as it were ſplit and ſpread into many diverging Rays, 
as Grimaldo EIS does not yet appear by chele Bapell⸗ 
ments, but will appear by thoſe that follow.  _ 
Exper. 5. Confidering therefore, that if in the chird Ex- 
periment the Image of the Sun ffiould be drawn out into 
n oblong formt, eithier by a Dilatation of every Ray, or 
by any other caſual inequality of the Refractions, the fame 
oblong Image would by a ſecond Refraction made Side- 
ways Be drawn ont as ntttch in breadth-by che like Dila- 


tatien of the Rays or other: caftaf inequatiry of the Re- 
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 Fanions Sideways, I. tried whar-would he, che Eee f 
ſuch a ſecond Refraction. For this end I ordered all things 
as in the third Experiment, and then placed a ſecond Pin 
immediately after the firſt in a croſs Poſition to it, that it 

might again refract the beam of the Suns Light which 
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came to it through the firſt-Priſm, ' In the firſt Priſm this 
beam was refra&ted upwards, and in the ſecond Sideways: 
And I found thar by he RefraQtion of the ſecond Prin 
the breadth. of the Image was not increaſed, but its ſupe- 
rior part which in the Eſt Priſm ſuffered the greater Re- 
fraction and appeared violet and blew, did again in the 
ſecond Priſm er a greater Refraction than its inferior 
part, which appeared red and yellow , and this without 
any Dilation of the Image in breadth n. 
Fig. 14. Iſuſtration. Let S repreſent the Sun, E the hole in the 
Window, ABC the firſt Priſm, D H the ſecond Priſm, Y 
the round Image of the Sun made by a direct beam of 
Light when the Priſms are taken away, PT the oblong 
Image of the Sun made by that beam paſſing through the 
firſt Priſm alone when the ſecond Priſm is — away, and 
pt the Image made by the croſs Refractions of both 
Priſms together. Now if the Rays which tend towards 
the ſeveral Points of the round Image V were dilated and 
5 by the Refraction of the firſt Priſm, ſo that they 
ſhould not any longer go in ſingle Lines to ſingle Points, 
but that every Ray being ſplit, ſhattered, and changed 
from a Linear Ray co a Superficies of Rays diverging 
from the Point of Refraction, and lying in the Plane of 
the Angles of Incidence and Refraction, they ſhould 
o in thoſe Planes to ſo many Lines reaching almoſt 
25 one end of the Image P T to the other, and i; 
that Image ſhould thence 3 oblong : thoſe Rays 
and their ſeveral parts tending towards the ſeveral Points of 
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Lag 
the Image P T ought to be again dilated and ſpread Side- 
ways by the tranſverſe Refraction of the ſecond Priſm, ſo 
as to compoſe a fourſquare Image, ſuch as is repreſented 
at A. For the better underſtanding of which, let the Image 
p be diſtinguiſhed into five equal Parts PQK, K QRL, 
LRSM, MSVN, NVT. And by the ſame irregularity 
that the Orbicular Light V is by the Refraction of the firſt 
Priſm dilated and drawn out into a long Image P T, the 
the Light P QK which takes up a ſpace of the ſame _ 
and breadth with the Light V ought to be by the Refra- 
QGion of the ſecond Priſm dilated and drawn out into the 
long Image = kp, and the Light K QR L into the long 
Image kqrl, and the Lights LRS M, MS VN, NVI 


into ſo many other long Images lr s m, mn, nvt1; and 


1). Thus it ought to be were every Ray dilated by Re- 
fraction, and ſpread into a triangular Superficies of Rays 
diverging from the Point of Refraction. For the ſecond 
Refraction would ſpread the Rays one way as much as the 
firſt doth another, and fo dilate the Image in breadth as 
much as the firſt doth in length. And the ſame thing 
ought to happen, were ſome Rays caſually refracted more 
than others. But the Event is otherwiſe. The Image PT 
was not made broader by the Refraction of the ſecond 
Priſm, but only became oblique, as tis repreſented at pt, 
its upper end P being by the Refraction tranſlated to a 
greater diſtance than its lower end T. So then the Light 


| which went towards the upper end P of the Image, was 


(at equal Incidences) more refracted in the ſecond Priſm 


than the Light which tended towards the lower end T, 
that is the blew and violet, than the red and yellow ; and 
therefore was more Refrangible. The ſame Light was by 
the Refraction of the firſt Prifm tranſlated further from the 

D 


place 


any Dilatation of the Image ſideways: and therefore thoſe 
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lace Y to which, it tended: before RefuaRian - and there 


reater Refraction than the neſt ef the Light, and by con- 
— was more Refrangible chan the reſt, even before 
x9 incidence on che firſt, Prism. 
Sometimes I placed a third Priſm after the ſecond, and 


- 


ſometimes alſo a fourth after: the chird, by: all which the 


ere might be often, refracted: ſideways : but the Rays 
which were more refracted than; the: reſt in the firſt Priſm 
were alſo more refracted in all the reſt, and that without 


Rays for their conſtancy of a greater Refraction are de- 
ſervedly reputed more Refrangible. 

But that the meaning of this Experiment may more 
clearly appear, it is to be: conſidered that the Rays which 


are equally Refrangible do fall upon a circle anſwering to 


the Sun's Diſque. For this was proved in the third. Experi- 
ment. By a circle I underſtand not here a perfect Geo- 


metrical Circle, but any Orbicular Figure whoſe length is 
equal to its breadth, and which, as to ſenſe, may ſeem 
circular. Let therefore A G repreſent the circle which all 


the moſt Refrangible Rays propagated from the whole 
Diſque of the Sun, would illuminate and paint upon the 


oppolite Wall if they were alone; E L the circle which all 
the leaſt Refrangible Rays would in like manner illuminate 
and paint if they were alone; B H, CJ, D K, the circles 


which ſo many intermediate ſorts of Rays would ſucceſ- 


hvely paint upon the Wall, if they were ſingly propagated 


from the Sun in ſucceſſive Order, the reſt being always in- 
tercepted; And conceive that there are other intermediate 
Circles without number which innumerable other inter- 
mediate ſorts of Rays would ſucceſſively paint upon the 
Wall if the. Sun ſhould ſucceſſively emir cvery fort apart. 


re ſuffered as well im the faſt Priſm: as in the: fecond a 
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And ſeeing the Sun emits all theſe ſorts at once, they mu 
all rogether illuminate and paint innumerable equal cir- 
cles, of all which, being according to their degrees of Re- 
frangibility placed in order in a continual ſeries, that ob- 
long Spectrum P T is compoſed which I deſcribed in the 
third Experiment. Now if the Sun's circular Image Y 
which is made by an unrefracted beam of Light was by 
the fingle Rays, or by any other irregu- 
larity in the Refraction of the firſt Priſm, converted into 
the Oblong Spectrum, PT: then ought every circle A G, 
BH, C J, ec. in that Spectrum, by the croſs Refra- 
ction of the ſecond Prifn again dilating or otherwiſe 
ſcattering the Rays as before, to be in like manner drawn 
out and transformed into an Oblong Figure, and thereby 
the breadth of the Image PT would be now as much aug- 
mented as the length of the Image Y was before by the Re- 
fraction of the firſt Priſm ; and thus by the Refractions of 
both Priſms togerher would be formed a fourſquare 5 


pet) as I deſcribed above. Wherefore ſince the breadth of 


the Spectrum. P T is not increaſed by the Refraction ſide- 
ways, it is certain that the Rays are not ſplit or dilated, or 
otherways irregularly ſcattered by that Refraction, but 
that every circle is by a regular and uniform Refraction 
tranſlated entire into another place, as the circle A G by 
the greateſt Refraction into the place ag, the circle BH by 


a lets Refraction into the place bh, the circle CJ by a Re- : 
fraction ſtill leſs into the place ci, and fo of the reſt; by 


which means a new Spectrum pt inclined to the former 
P T is in like manner compoſed of circles lying in a 


right Line ; and theſe circles muſt be of the ſame bigneſs 
with the former, becauſe the breadths of all the Spe- 
ctrums Y, P T and pt at equal diſtances from the Priſms 
are equal. 3 5 — — 


D 2 con- 


. 
] conſidered further that by the breadth of the hole F 
through which the Light enters into the Dark Chamber, 
there is a Penumbra made in the circuit of the Spectrum 
Y, and that Penumbra remains in the rectilinear Sides of 
the Spectrums P T and pt. I placed therefore at that hole 
a: Lens or Object- glaſs of a Teleſcope which might caſt 
the Image of the Sun diſtinctly on Y without any Penum- 
bra at all, and found that the Penumbra of the Rectili- 
near Sides of the oblong Spectrums P T and pt was alſo 
thereby taken away, ſo that thoſe Sides om di- 


ſtinctly defined as did the Circumference of the firſt Image 


Y. Thus it happens if the Glaſs of the Priſms be free 
from veins, atd their Sides be accurately plane and well 
poliſhed without thoſe numberleſs waves or curles which 
uſually ariſe from Sand- holes a little ſmoothed in poliſh- 
ing with Putty. If che Glaſs be only well poliſhed and 


. . | * | | 
free from yeins and the Sides not accurately plane but a 


little Convex or Concave, as it frequently happens; yet 
may the three Spectrums Y, P T and pt want Penumbras, 
but not in equal diſtances from the Priſms. Now from 


this want of Penumbras, I knew more certainly that every 


one of the circles was refracted according to ſome moſt 
regular, uniform, and conſtant law. For if there were 


any irregularity in the Refraction, the right Lines AE and 


G L which all thre circles in the Spectrum P T do touch, 
could not by that Refraction be tranſlated into the Lines 
ae and gl as diſtinct and ſtraight as they were before, but 
there would ariſe in thoſe tranſlated Lines ſome Penumbra 
or crookedneſs or undulation, or other ſenſible Perturba- 
tion contrary to what is. found by Experience. Whatſo- 
ever Penumbra or Perturbation. ſhould be made in the 
circles by the croſs Refraction of the ſecond Priſm , all 


that Penumbra or Perturbation would be conſpicuous in 


the 
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the right Lines ae and g which touch thoſe circles. And 
dell ſince there is no ſuch Penumbra or Perturbation 
in thoſe right Lines there muſt be none in the circles. 


Since the diſtance between thoſe Tangents or breadth of 
the Spectrum is not increaſed by the Refractions, the Dia- 


meters of the circles are not increaſed thereby. Since thoſe 


Tangents continue to be right Lines, every circle which 
in the firſt Priſm is more or leſs refracted, is exactly in 
the ſame Proportion more or leſs refracted in the ſecond. 
And ſeeing all theſe things continue to ſucceed after the 
ſame manner when the Rays are again in a third Priſm, 
and again in a fourth refracted Side ways, it is evident that 
the Rays of one and the ſame circle as to their degree of 
Refrangibility continue always Uniform and Homogeneal 
to one another, and that thoſe of ſeveral circles do differ 


in degree of Refrangibility, and that in ſome certain and 


conſtant Proportion. Which is the thing I was to prove. 


There is yet another Circumſtance or two of this Ex- Fig. 16. 


periment by which it becomes ſtill more plain and con- 
vincing. Let the ſecond Priſm D H be placed not imme- 

ately after after the firſt, but at ſome liltance from it; 
Suppoſe in the mid- way between it and the Wall on which 
the oblong Spectrum P T is caſt, ſo that the Light from 
the firſt Priſm may fall upon it in the form of an oblong 
Spectrum, / Parallel to this ſecond Priſm, and be refracted 
Sideways to form the oblong Spectrum pt upon the Wall. 
And you will find as before, that this Spectrum pt is in- 
clined to that Spectrum PT, which the halt Priſm forms 
alone without the ſecond; the blew ends P and b being fur- 
ther diſtant from one another than the red ones T and t, 
and by conſequence that the Rays which go to the blew 
end ” of the Image v and which therefore ſuffer the greateſt 
Refraction in the firſt Priſm, are again in the ſecond Priſm 
more refracted than the reſt. The 


"Fig. 17. 
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The ſame thing I try'd alſo by letting the Sun's Light 


into 4 dark Room through two little round holes F and p 


made in the Window, and with two Parallel Priſms ABC 


and % placed at chöoſe h 


theſe" rwo beams of Light to the oppoſite Wall of the 
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mber, in ſuch manner that the two colour d Images 
P T and n which they there painted were joyned end to 
and lay in one ſtraight Line, the red end T' of the 


one touching the blew end m of the other. For if theſe 
two refracted beams were again by a third Priſm D H pla- 
ced croſt to the two firſt, refracted Sideways, and the Spe- 
ctrums thereby tranſlated to ſome other part of the Wall 
of the Chamber, ſuppoſe the Spectrum P T to pt and 
the Spectrum MN to mn, theſe tranſlated «rr pt 
and m n would not lie in one ſtraight Line with their ends 
contiguous as before, but be broken off from one another 
and become Parallel, the blew end of the Image m n being 
by a greater Refraction tranſlated farther from its former 
place M T, than the red end t of the other Image pt from 
the ſame place MT which puts the Propoſition paſt di- 


ſpute. And this happens whether the third Priſm D H be 


— 


ew immediately after the two firſt or at a great diſtance 


from them, ſo that the Light refracted in the two firſt 


Priſms be either white and circular, or coloured and ob- 
long when it falls on the third. | 
Exper. 6. In the middle of two thin Boards I made 


round holes a third part of an Inch in Diameter, and in 


the Window-ſhut a much broader hole, being made to let 
into my darkned Chamber, a large beam of the Sus 
Light; I placed a Priſm behind the Shut in that beam to 
refract it towards the oppoſite Wall, and cloſe behind the 


Priſm I fixed one of the Boards, in ſuch manner that the 


middle of the refracted Light might paſs through the hole 


made 


LEY 


made im it, and the reſt be intercepted by the Board. 


middle of the refracted Light which came through the hole 
im che firſt Board and fell upon the oppoſite Wall might 
= paſs through che hole in this other Board, and the 27” 
ing intercepted: by the Board might paint upon it the co» 
X lonred Spectrum of the Sun. And clo ſe behind this Board: 


- 


might ſucceſſively paſs through the hole in that Board and 
noted the places on the oppoſite Wall to which that Light 


bk | being moſt refracted in the firſt Priſm did go to the blew 


Horizon in any given Angles. 
uſtration. Let F be the wide hole in the Window-ſhut, 
through which the Sun ſhines upon the firſt Priſm A B C, 


Then at the diſtance of about twelve Feet fr m the firſt 
Board E fixed: the other Board, in fuch manner that the 


I fixed another Priſm to refract the Light which came 
X through the hole. Then I returned ſpeedily to the firſt” 
Priſm, and by turning it flowly to and fro about its Axis, 
l cauſed the Image which fell upon the ſecond Board to 
move up and down upon that Board, that all its parts 


fall: upon the Priſm: behind it. And in the mean time, I: 


after its Refraction in the ſecond Priſm did paſs; and by 
the difference of the places I found that the Light which: 


end of the Image, was again more refracted in the ſecond 
Priſm than the Light which went to the red end of that 
Image, which proves as well the firſt Propoſition as the 
ſecond. And this happened whether the Axis of the two 
Priſms were parallel, or inclined to one another and to the 


Fig. 18 


and let the refracted Light fall upon the middle of the 
Board D E, and the middle part of that Light upon the 
hole G made in the middle of that Board. Let this tra- 
jected part of the Light fall again upon the middle of the 
ſecond Board de and there paint ſuch an oblong coloured 
Image of the Sun as was deſcribed in the third Experiment. 


By 


3 321 
By turning the Priſm A B C ſlowly to and fro about its 
Axis this Image will be made to move up and down the 
Board de, and by this means all its parts from one end to 
the other may be made to paſs ſucceſſively through the MF 
hole g which is made in the middle of that Board. In the FM 
mean while another Priſm abc is to be fixed next after 
that hole g to refra& the trajected Light a ſecond time. 
And theſe things being thus ordered, I marked the er _ 
M and N of the oppoſite Wall upon which the refracted MF 
Light fell, and found that whilſt the two Boards and ſecond 
Priſm remained unmoved, thoſe places by turning che firſt 
Priſm about its Axis were changed perpetually. For when 
the lower part of the Light which fell upon the ſecond 
Board de was caſt through the hole g it went to a lower 
| place Mon the Wall, and when the higher part of that 
Light was caſt through the ſame hole g, it went to a higher 
place N on the Wall, and when any intermediate part of 
the Light was caſt through that hole it went to ſome place 
on the Wall between M and N. The unchanged Potion 
of che holes in the Boards, made the Incidence of the Rays 
upon the ſecond Priſm to be the ſame in all caſes. And 
yet in that common Incidence ſome of the Rays were more 
refracted and others leſs. And thoſe were more refracted 
in this Priſm which by a greater Refraction in the firſt 
Priſm were more turned out of the way, and therefore for 
their conſtancy of being more refracted are deſervedly cal- 
led more Refrangible. „ 
Exper. 7. At two holes made near one another in my 
Window-ſhut I placed two Priſms , one at each, which 
might caſt upon the oppoſite Wall (after the manner of 
the third Experiment) two oblong coloured Images of the 
Sun. And at a little diſtance from the Wall I placed a 
long ſlender Paper with ſtraight and parallel edges, and 


ordered 


oM... 


one Image might fall directly en one half of che Paper, 
other 


14 


and! the violet. colour of | the Image upon the other 
half of the ſame Paper; ſo. chat the, Payer appeared of two 
Colours, red and violet, much after the manner of the 
painted Pager in the firſt and ſecond Experiments. Then 
with a black Cloth I covered the Wall behind the Paper, 
that no Light might be reflected from it to diſturb. the 
Experiment, and viewing the Paper through a third Priſm 
held parallel to it, I ſaw that half of it which was illumi- 
OP by, the Violet-light to be divided from the other 
half by a greater Refraction, eſpecially, when I went a good: 
way off from. the Paper. For when I viewed it toe near 
at hand, the two halfs of the Paper did not appear fully 
divided from one another, but Rd contiguous: at one 
of their Angles like the painted Paper in the firſt Expe- 
riment. Which allo happened when the Paper was too 
% ˙ ! ̃ J ͤ—z—y— 1 
Sometimes inſtead. of the Paper I uſed a white Thred, 

and this appeared through the Priſm divided into two Pa- 

rallel Threds as is r 5 

DG denotes: the IThred illuminated with violet Light 
from D to E and with red Light from E to G, and de 7g 
are the parts of the Thred ſeen by Refraction. If one half 
of the Ihred be conſtantly. illuminated with red, and the! 
other half be illuminated with all the Colours ſucceſſively, 
(which may be done by cauſing. one of the Priſms to be 
turned about its Axis whilſt-the other remains unmoved) 
chis other half in viewing the Thred through the Priſm, 
will appear in aa continued right Line with the firſt half 
when illuminated with red, and begin to be a little divi- 
1 ded. from it when illuminated with Orange, and remove 
XJ further: from. it when illuminated with Yellow, and ſtill 
1 3 further 


C | 1e ented in the ch Figure 5 where Fig. 19. ä 


* » oY I us 
* — y . £3 , 4 PY 7 1 + Pa 
N " * „5 * , % 4 & 5 - 
— e 1 7 2 2 
* = \ 


on” 2 3 

7, * > 

41 2 - 71 f 

* 3 > 15 
> 


l farther when with Green, and further when with Blew, and 
| go yet further off when illuminated with Indigo, and fur- 
j theſt when with deep Violet. Which plainly ſhews, that 
| the Lights of ſeveral Colours are more and more Refran- 
| gible one than another, in this order of their Colours, Red, 7 
| Drange, Yellow, Green, Blew, Indigo, deep Violet; and 
\| ſo proves as well the firſt Propoſition as the ſecond. 1 
Fig. 17. I cauſed alſo the coloured Spectrums PT and MN 
made in a dark Chamber by the Refractions of two Priſms © 
- to lyein a right Line end to end, as was deſcribed above 
| in the fifth Experiment, and viewing them through a third 
Priſm held Parallel to their length, hey appeared no longer 
in a right Line, but became broken from one another, as 
they are repreſented at pt and mn, the violet end m of the 1 
Spectrum mn being by a greater Refraction tranſlated i 
further from its former place M T than the red end t of tze 
other Spectrum pt. 12 1 1 
Fig. 20. I further cauſed thoſe two Spectrums P T and MN to 
become co-incident in an inverted order of their Colours, 
the red end of each falling on the violet end of the other; 
as they are repreſented in the oblong Figure PT MN; 
and then viewing them through a Priſm D H held Paral- 


lel to their length, they appeared not co-incident as when 

viewed with the naked Eye, but in the form of two di- 

ſtinct Spectrums pt and mn croſſing one another in the 
middle after the manner of the letter X. Which ſhews 
that the red of the one Spectrum and violet of the other, 

which were co-incident at PN and MT, being parted 
from one another by a greater Refraction of the violet to 
5 and m than of the red to n and t, do differ in degrees of | 
Refrangibility. 6 „ 
I illuminated alſo a little circular piece of white Paper 
all over with the Lights of both Priſms intermixed, an 
5 when; 


74% 


when it was illuminated with the red of one Spectrum and 
deep violet of the other, ſo as by the mixture of thoſe 
Colours to appear all over purple, I viewed the Paper, 
firſt at a leſs diſtance, and then at a greater, through a 
third Priſm; and as I went from the Paper, the refracted 
Image thereof became more and more divided by the un- 
c qual Refraction of the two mixed Colours, and at length 
= parted into two diſtin& Images, a red one and a violet one, 
= whereof the violet was furtheſt from the Paper, and there- 
fore ſuffered the greateſt Refraction. And when that Priſm 
at the Window which caſt the violet on the Paper was ta- 
ken away, the violet Image diſappeared; but when the other 
Priſm was taken Kai red vaniſhed : which ſhews that «i 
theſe two Images were nothing elſe than the Lights of the — 
two Priſms which had been intermixed on the purple Pa- 
per, but were parted again by their unequal Refractions 
made in the third Priſm through which the Paper was 
viewed. This alſo was obſervable that if one of the 
Priſms at the Window, ſuppoſe that which caſt the violet 
on the Paper, was turned about its Axis to make all the 
Colours in this order, Violet, Indigo, Blew, Green, Yel- 
low, Orange, Red, fall ſucceſſively on the Paper from that 
Priſm, the violet Image changed Colour accordingly, and 
in changing Colour came nearer to the red one, until when 
it was alſo red they both became fully co- incident. 
I placed alſo two paper circles very near one another, 
the one in the red Light of one Priſm, and the other in 
the violet Light of the other. The circles were each of 
them an Inch in Diameter, and behind them the Wall was 
dark that the Experiment might not be diſturbed by any 
Light coming from thence. Theſe circles thus illuminated, 
I viewed through a Priſm ſo held that the Refraction might 
be made towards the red circle, and as I went from them 
'E 2 they 
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they came neater and nearer together, and at length be- 
came co- incident; and afterwards when I went ftill further 
off, ey Crates again in a conrary order, the violet by a 


efrattion being carried beyond the red. 


* 4 


Exper. 8. in Summer when the Sun's Light uſes to 
be ſtrongeſt, I placed a Priſm at the hole of the Window- 

ſhut, as in the third Experiment, yet ſo chat its Axis might 
be Parallel to the Axis of the World, and at the 2 
Wall in the Sun's refracted Light, I placed an open Book. 
Then going Six Feet and rvvo Inches from the Book, I 
placed there the abovementioned Lens, by vvhich the Light 
reflected from the Book might be made to 2 and 
meet again at the diſtance Fe Feet and tvyo Inches be-- 


A % 


Hind the Lens, and there paint the Species of the Book 
upon a ſheet of vvhite Paper much after the manner of the 
fecond Experiment. The Book and Lens being made faſt, 
I'noted the place vvhere the Paper vvas, vvhen the Letters 
of the Book, illuminated by the fulleſt red Light of the 
Solar Image falling upon it, did caſt their Species on that 
Paper moſt diſtin&tly ; And then I ſtay d till by the Mo- 
Ban ef "the Sure! and cle Aas of fi Image on 
the Book, all the Colours Ko 1 that red to the middle of 
the blew paſs d over thoſe Letters; and when thoſe Letters 
were illuminated by that blew, I noted again the place of 
the Paper when they caſt their Species wy diſtinctly upon 
it: And I found that this laft place of the Paper was nearer | 
to the Lens than its former place by about two Inches and 
an half, or two and three quarters. So much ſooner there- 


fore did the Light in the violet end of the Image by a grea- 


7 * 


— 


ter Reftaction converge and meet, than the Light in the 


red end. But in trying this the Chamber was as dark as 1 
could make it. For if theſe Colours be diluted and weak- 
ned by the mixture of any adyentitious Light, the diſtance 
„ 5 between 
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Half, by reaſon of the impe 


flected Light paſs through another Priſm, and being refra- 


between the places of the Paper will not be ſo great. This 
diſtance in the fecond Experiment whete the Colours of 
natural Bodies were made uſe of, was but an Inch and a 
, by r erfection of thoſe Colours. Here 


in the Colouts of the Priſtn ,. which are manifeſtly more 


full, intenſe, and lively than thoſe of natural Bodies, the 


diſtance is two Inches and three quarters. And were the 


Colours ſtill more full, I queſtion not but that the di- 


ſtance would be conſiderably greater. Fot the coloured 
Light of the Priſm, by the interfering of the Circles de- 
ſcribed in the 11th Figure of the fifth Expetitnent, and alſo 
by the Light of the very bright Clouds next the Sun's 
Body intermixing with theſe Cblours, and by the Light 
fearrered by the inequalities in the poliſh of the Priſm, Was 
ſo very much compotinded, that the Species which thoſe - 
faint and dark Colours, the m_ and Violet, caſt upon 
the Paper were not diſtin& enough to be well obſerved. 
Exper. 9. A Priſm, whoſe two Ahples at its Baſe were 


equal to one anothef and half right ones, and the third 


a right one, I placed in a beam of che Sun's Light let in- 
to a dark Chamber through a hole in the Window-ſhur 


as in the third Experiment. And turning the Priſm ſlowly 


about its Axis until all the Light which went through one - 
of its Angles and was refracted by it began to be feflected 
by its Baſe , at which till then it went out of the Glals, 
L obſerved that thoſe Rays which had ſuffered the greateſt 
Refraction were fooner reflected than the reſt. T conceived . 
therefore that thoſe Rays of the reflected Light, which 
were moſt Refrangible, did firſt of all by a total Reflexion 
become more copious in that Light than the reſt, and 
that afterwards the reſt alſo, by a total Reflexion, be- 
came as copious as theſe. To try this, I made the re- 


Red. 


| 8 
» * 
» > 4 2 
> "os : 
q . — * *% 4. | 
* 1 > 7 


placed at ſome diſtance behind it, and there by that Re- 
Kadi to paint the uſual Colours of the Priſm. And 
-then cauſing the firſt Priſm to be turned about its Axis as 
above, I obſerved that when thoſeRays which in this Priſm 
had ſuffered the greateſt Refraction and ap eared of a blew 
and violet Colour began to be totally refſected, the blew 
| and yiolet Light on = Paper which was moſt refracted 
mn in the ſecond Priſm received a ſenſible increaſe above that 
Xx of the red and yellow, which was leaſt refracted; and 
afterwards when the reſt of the Light which was green, 
yellow and red began to be totally reflected in the firſt 
Priſm, the light of thoſe Colours on the Paper received as 


Whence tis manifeſt, that the beam of Light reflected by 
the Baſe of the Priſm, being augmented firſt by the more 
Refrangible Rays. and afterwards by the leſs Refrangible 
ones, is compounded of Rays differently Refrangible. 
And that all ſuch reflected Light is of the ſame Nature 


with the Sun's Light, before its Incidence on the Baſe of 


lowed, that Light by ſuch Reflexions ſuffers no Alteration 
in its Modifications and Properties. I do not here take 
notice of any Refractions made in the Sides of the firſt 


Priſm, becauſe the Light enters it perpendicularly at the 
firſt Side, and oy out perpendicularly at the ſecond Side, 


and therefore ſuffers none. So then, the Sun's incident 
Light being of the ſame temper and conſtitution with his 
emergent Light, and the laſt being compounded of Rays 
differently Refrangible , the firſt muſt be in like manner 
I IR ET 
Fig. 21. 1 tration. In the 21th Figure, ABC is the firſt Priſm, 
BC its Baſe, B and C its equal Angles at the Baſe, gr? 
i] o 


Ted by it to fall afterwards: upon à ſheet" of white Paper 


JF great an increaſe as the violet and blew had done before. 


che Priſm, no Man ever doubted : it being generally al- 
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of 45 degrees, A its Rectangular Vertex, F M a beam of 
the Sun's Light let into a dark Room through a hole F 
one third part of an Inch broad, M its Incidence on theBaſe 
of the Priſm,M G a leſs refracted Ray, MH a more refract- 
ed Ray, MN the beam of Light reflected from the Baſe, 
V X Y the fecond Priſm by which this beam in paſſing 
through it is refracted, N t the leſs refracted Light of this 
beam, and Ny the more refracted part thereof. When the 
firſt Priſm A B C is turned about its Axis according to the 
order of the Letters AB C, the Rays M H emerge more 
and more obliquely out of that Priſm, and at length after 
their moſt oblique Emergence are reflected towards N, 


and going on to 5 do increaſe the number of the Rays Ny. 
Aſtervvards by continuing the motion of the firſt Priſm, the 


Rays MG are alſo reflected to N and increaſe the number of 


9 the Rays Nr. And therefore the Light MN admits into 


8 
_ 


its Compolition, firſt the more Refrangible Rays, and then 


X the leſs Refrangible Rays, and yet after this Compoſition. 
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is of the ſame Nature vvith the Sun's immediate Light EM, 

the Reflexion of the ſpecular Baſe B C cauſing no Altera- 

tion thereinn - DIE Ft: 2 
Exper. io. Two Priſms, which were alike in ſhape, I 


tied fo together, that their Axes and oppoſite Sides being 


Parallel, they compoſed a Parallelopiped. And, the Sun 


X ſhining into my dark Chamber through a little hole in the 
XZ Window-ſhut, I placed that Parallelopiped in his beam at 

| ſome diſtance from the hole, in ſuch a poſture that the Axes. 
of the Priſms might be perpendicular to the incident Rays, 
and that thoſe Rays being incident upon the firſt Side of 


one Priſm, might go on through the two contiguous Sides 


of both Priſms, and emerge out of the laſt Side of the ſe- 


dhe fuſt Priſm, cauſed the emerging Light to be Parallel 


cond Priſm. This Side being Parallel to the firſt Side of 


to 
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Rays which:ip the third Rriſm had ſuffered the . 
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to tha Incident. Then, beyond: theſe two Priſms I placed, 
a third, whith, might. refract that-emergent Light, and by 
that Refraction call the uſual Colpurs of the riſm up en. 
che oppoſite Wall, or upon a ſheer. of white Paper held at 
a, conyenient- diſtance; behind. the Priſm fon that refracd 
Light to fall upon in After chis I turned the Parallelopiped 

about; its Axis,” and: found that when the contiguous Sides 
of; the twWO Prilms, breame-ſo- oblique, to the. incident Rays 
that thoſe 3 of them to be reflected, thaſe; 


fraction and painted the: Paper with violet and ble, were: 
firſt of all by a total Reflexion taken out of the tranſmitted 
Light, the reſt remaining and om the Baper painting their; 
Colours of Green, Vellow, | Orange, and) a8 before: ;. 
and aſterwards by continuing the motion of the two Priſms, 
the b reſt | of! the Rays | all, 0 by a total Reflexion vaniſhed in 
order, according to their degrees of Refrangibility. Phe 
Light. therefore: which emerged out of the two Priſms is 
compounded; oft Rays differently; Refrangible, ſeeing the 
more Refrangible Rays may be taken out of it while the 
leſs Refran able remain. But this Light being trajected 
only through the Parallel Superficies a. the two Priſms, if 
it-ſuffered any change by the, Refraction of one Superficies 
it. loſt; that impreſſion 0 by the: CONLFArFc: Refraction of the: 
other Superficies, and ſo: being reſtored: to its priſtine co 
9 — 1 9—— the ſame nature and condition as at fuſt 
before its Incidence on thoſe Prifaxs ; and:therefare; befere 
its Incidence, u as as much compounded of: Rays differently: 
Refrangible as afterwards-. 2d re ab I 
Iuſtration. In the, 2 2th Figure: ABC and ; C Diarei the 
the two Priſms tied: togethes in the form of:a.Parallelon. 
piped, their Sides B. C and: & Bj being contiguous, and 
their Sides B and CD Parallel. And HH] K is the third 


Priſm, 
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Priſm, by which the Sun's Light propagated through the 
hole F into the dark Chamber, and there paſſing through 
thoſe ſides of the Priſms AB, BC, CB id CD, 'is refra- 
ed at O to the white Paper PT, falling there partly upon 
P by a greater Refraction, partly upon T by a leſs Refra- 
ction, and partly upon R and other intermediate places by 
intermediate Refractions. By turning the Parallelopiped 
A CBD about its Axis, according to the order of the Let- 
ters A, C, D, B, at length when the contiguous Planes BC 
and CB become ſufficiently oblique to the Rays F M, 
which are incident upon them at M, there will vaniſh to- 
rally out of the refracted Light OP T, firſt of all the moſt 
"XZ refracted Rays OP, (the reſt OR and O T remaining as 
before) then the Rays OR and other intermediate ones, 
and laſtly, the leaſt refracted Rays O T. For when the 
Plane B C becomes ſufficiently oblique to the Rays inci- 
dent upon it, thoſe Rays will begin to be totally reflect- 
ed by it towards N; and firſt the moſt Refrangible Rays 
will be totally reflected (as was explained in the preceding 
experiment) and by conſequence muſt firſt diſappear at P, 
and afterwards the reſt as they are in order totally reflect- 
ed to N, they muſt diſappear in the ſame order at R and 
T. So then the Rays which at O ſuffer the greateſt Re- 
= fraction, may be taken out of the Light MO whilſt the reſt 
of the Rays remain in it, and therefore that Light MO is 
Compounded of Rays differently Refrangible. And be- 
cauſe the Planes AB and CD are parallel, and therefore 
by equal and contrary Refractions deſtroy one anothers 
Effects, the incident Light FM muſt be of the ſame kind 
and nature with the emergent Light M O, and therefore 
3 doth allo conſiſt of Rays differently Refrangible. Theſe 
two Lights FM and MO, before the molt refrangible Rays 
rare ſeparated out of the emergent Light M O agree in Co- 
| = lour, 
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2 F 
four, and in all other properties ſo far as m/ obſervation 
reaches, and therefore are deſervedly reputed of the ſame 

Nature and Conſtitution, and by -conſequence the .one is 
compounded as well as the other. But after the moſt Re- 
frangible Rays begin 40 be totally reflected, and thereby 
ſeparated out of the emergentLight MO, that Light changes 
its Colour from white te a dilute and faint yellow, a pretty 
good orange, 2 very full red ſucceſſwely and then totally 
vaniſhes. For after the moſt Refrangible Rays which paint 
the Paper at P with a Purple Colour, are by a total re- 
flexion taken out of the Beam of light M O, the neſt f 
che Colours which appear on the Paper at R and T being 
mixed in the light MO compound there a faint yellow, 
and after the blue and part of the green which „ KN = 
the Paper between P:and R are taken away, the reft which 
appear between Rand I (that is the Yellow, Orange, Red i 
and a little Green) being mixed in the Beam MO com- 
pound there an Orange; and when all the Rays are by re- 
ö Beam MO, except the leaſt Refran- 
gible, which at T appear of à full Red, their Colour is 
the ſame in that Beam M O as afterwards at T, the Re- 
fraction of the Priſm H] K ſerving only to ſeparate che 
differently Refrangible Rays, without making any alteration 
in their Colours, as ſhall be more fully proved hereafter. 
All eee as well the firſt Propoſition as the ſe- 
ER Scholium. If this Experiment and the former be conjoyned 
Fig. 22. and made one, by applying a fourth Priſm V XY to re- 
fctact the reflected Beam MN towards tp, the concluſion 
will be clearer, For then the light Np which in the 4th 
Priſm is more refracted, will become fuller and Rronger 
when the Light OP, which in the third Prim H K is 
more refracted, vaniſhes at P; and afterwards when the leſs 


refracted 


We — 
refracted Light O T vaniſhes at T, the leſs refracted Light 
Ni wilt become encreaſed whilſt the more refracted Light 
at p receives no further encreaſe. And as the trajecbed 
Beam M O in vaniſhing is always of fuch a Colour as 
ought to reſult from the mixture of the Colours which 
falk upon the Paper P T, fo is the reflected Beam MN al- 
ways of ſuch a Colour as ought to refult from the mix- 
ture of the Colours which fall upon the Paper pt. For 
X when the moſt refrangible Rays are by a total Reflexion 
ranken out of the Beam MO, and leave that Beam of an 
Orange Colour, the exceſs of thoſe Rays in the reflected 


Light, does not only make the Violet, Indigo and Blue at 
p more full, but alſo makes the Beam MN — from 
the yellowiſh: Colour of che Suns Light, to a pale white in- 
clining to blue, and afterward recover its yellowiſh Co- 
lour again, ſo ſoon as all the reſt of the tranſmitted light 


MO“ is reflected. : . 
Now ſeeing that in all this variety of Experiments, 
whether the trial be made in Light reflected, and that either 
from natural Bodies, as in the firſt and ſecond Experiment, 
or Specular, as in the Ninth; or in Light refracted, and 
XZ thar either before the unequally refracted Rays are by di- 
= | verging ſeparated from one another, and loſing their white- 
ness which they have altogether, appear feverally of ſeve- 


70 


ral Colours, as in the fifth Experiment; or after they are 
ſeparated from one another, and appear Coloured as in the 
ſixth, ſeventh, and eighth Experiments; or in Light tra- 
jected through Parallel ſuperficies, deſtroying each others 
Effects as in the voth Experiment; there are _— found 
Rays, which at equal Incidences on the ſame Medium ſuf- 
fer unequal Refractions, and that without —_— or 
dilating of ſingle Rays, or contingence in the inequality 
of the Refractions, as is proved in the fifth and ſixch Ex- 
= 55 . periments; 


[44] 


- periments ; and ſeeing the Rays which differ in Refrangibi- 
liry may be parted and ſorted from one another, and that 
either by Refraction as in the third Experiment, or by Re- 
flexion as in the tenth, and then the foveral ſorts apart at 
equal Incidences ſuffer unequal Refractions, and thoſe forts 
are more refracted than others after ſeparation, which were 


more refracted before it, as in the ſixth and following Ex- 
periments, and if the Sun's Light be trajected _ three 
or more croſs Priſms ſucceſſively, thoſe Rays whic 


lowing Priſms, refracted more then others in the ſame rate 


and proportion, as appears by the fifth Experiment; its 


manifeſt that the Sun's Light is an Heterogeneous mixture of 


Rays, ſome of which are conſtantly more Refrangible then 


others, as was to be propoſed. 
PROP. III. Theor. III. 
The Sun's Light conſiſts of Rays differing m Reflexibility, and 


thoſe Rays are more Reflexible than others which are more Re- 
frangible. 1 


"THIS is manifeſt by the ninth and tenth Experi- 
ments: For in the ninth Experiment, by turning 
the Priſm about its Axis, until the Rays within it which in 


2 going out into the Air were refracted by its Baſe, became 
o oblique to that Baſe, as to begin to * totally reflected 


thereby; thoſe Rays became firſt of all totally reflected, 


which before at equal Incidences with the reſt had ſuffered 
the greateſt Refraction. And the ſame thing happens in 


the Reflexion made by the common Baſe of the two Priſms 


in the tenth Experiment. 


PROP. 


in the 
firſt Priſm are refracted more than others are in all the fol- 


. 
n 


We, 


PRO P. IV. Prob. I. 


To ſeparate from one mother the Heterogeneous Rays of 
Compound Lanhe. 7 i 0 


HE Heterogeneous Rays are in ſome meaſure ſepa- 
rated from one another by the Refraction of the 
Priſm in the third Experiment, and in the fifth Experiment 
by taking away the Penumbra from the Rectilinear ſides of 
the Coloured Image, that ſeparation in thoſe very Rectili- 
near ſides or ſtraight edges of the Image becomes perfect. 
But in all places between thoſe rectilinear edges, thoſe in- 
numerable Circles there deſcribed, which are Toverally illu- 
minated by Homogeneral Rays, by interfering with one 
another, and being every where commixt, do render the 
Light ſufficiently Compound. But if theſe Circles, whilſt 
their Centers keep their diſtances and poſitions, could be 


made leſs in Diameter, their interfering one with another 


and by conſequence the mixture of the Heterogeneous 


Rays would be proportionally diminiſhed. In the 23th Fig. 23. 


Figure let AG, BH, CJ, DK, EL, FM be the Circles 


which ſo many ſorts of Rays flowing from the ſame Diſque 


of the Sun, do in the third Experiment illuminate; of all 
which and innumerable other intermediate ones lying in a 


cContinual Series between the two Rectilinear and Parallel 
Lcedges of the Sun's oblong Image P T, that Image is com- 


poſed as was explained in the fifth Experiment. And let 
ag, bh, ci, dk, el, fm be ſo many leſs Circles lying in 
a like continual Series between two Parallel right Lines a f 
and gm with the fame diſtances between their Centers, 
and illuminated by the ſame ſorts of Rays, that is the 
Circle ag with the ſame ſort by which the correſponding 

| ESI Circle 
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| Circle AG was illuminated, and the Circle þþ with the ſame 


ſort by which thi comeſponding Circle BHwas illuminated, 
and the reſt of the Circles ci, dk, el, fm reſpectively, 


with the fame ſorts of Rays by which the ſeveral: corre- 


ſponding Circles CJ, DK, EL, FM were illuminated. 
In the Figure P T compoſed of the greater Circles, three 


of: thoſe Circles AG, BH, CJ, are fo expanded into one 


another, that the three forts of Rays by which thoſe Cir- 
cles are illuminated, together with: other innumerable forts 


ö 


of intermediate Rays, are mixed at QR in the middle of 


the Circle B H. And the like mixture happens through- 

our almoſt the whole length of the Figure PT. But in 
the Figure pt compoſed of the leſs Circles, the three leſs 
Curcles ag, bb, c i, which anſwer to thoſe three greater, do 


not extend into one another; nor are there any where 
mingled ſo much as any two of the three ſorts of Rays 
by which thoſe Circles are illuminated, and which in the 
Figure PT are all of them intermingled at BH . 
No he that ſhall thus conſider it, will cafily underſtand 


chat the mixture is diminiſſied in the ſame Proportion 
If che Diameters of ß 
the Circles whilſt their Centers remain the ſame, be made 


with the Diameters of the Circles. 
three times leſs than before, the mixture will be alſo three 


times leſs; if ten times leſs, the mixture will be ten times 


leſs, and ſo of other Proportions. That is, the mixture 
the Rays in the greater Figure P J will be to their mix- 


ture in the leſs pt, as the Latitude of the greater Figure is 


— are equal to the Diameters of their Circles. And 


refracted Spectrum pt is to the mixture of the Rays in the 
direct. and immediate Light of the Sun, as the breadth of 
that Spectrum is to the difference between the length and 
breadth of the ſame Spectrum. So 


to the Latitude of the leſs. For the Latitudes of theſe Fi 
ence it eaſily follows, that the mixture of the Rays in the 
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GirhiniM thee miixtrree of the Rays 


'So then, if we would 
pe are to diminiſh the Diameters of the Circles. Now 

theſe would be diminiſhed i the Sun's Diameter to which 
they anſwer could be made leſs than it is, or (which comes 
to the ſame purpoſe) if without Doors, at a great diſtance 
from che Packer e che Sun, ſome opake body were 
placed, wich a round hole in the middle of it, to intercept 
all che Sun's Light, excepting ſo much as coming from 
che middle of his Body could pals ogg that Hole to 
che Priſm. For fo the Circles A G, BH and the reſt, 
XZ would not any longer anſwer to the whole Diſque of the 
Sun , but only to that = of it which could be ſeen 
from the Priſm through that hole, that is to the apparent 
magnitude of that hole viewed from the Priſm. Bur chat 
theſe Circles may anſwer more diſtinctly to that hole a 
Lens is to be placed by the Priſm to caſt the Image of the 
hole, (that is, every one of the Circles A G, BH, ec.) di- 
ſtinckly upon the Paper at PT, after ſuch a manner as by 
a Lens placed at a Window the Species of Objects abroad 
are caſt diſtinctly upon a Paper within the Room, and the 
Rectilinear Sides of the oblong ſolar Image in the fifch 
Experiment became diſtinct without any Penumbra. If 
this be done it will not be neceſſary to place that hole 
very far off, no not beyond the Window. And therefore 
inſtead of that hole, I uſed the hole in the Window- fhut 
as follows. . „„ 


Exper. 11. In the Suns Light let into my darkned 
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thut, at about 10 or 12 Feet from the Window, I placed 
a Lens, by which the Image of the hole might be di- 
ſtinctly calt upon a ſheet of white Paper, placed at the 

155 the Lens. 

For according to the difference of the Lenſes I uſed various 
Ee oe = 


[49] 
diſtances , which I think not worth the while to deſcribe. 
zen immediately after the Lens I placed a Priſm, by 

; hc the. rrajected. Light might be refracted either up- 
ards or. ſideways, and Og the round Image which 
| did calt upon, the Aer might be drawn 

tne 2609 e er f des, 48 in the third 
Experiment, This oblong. Image I let fall upon another 
aper at about dhe ſame 5 iſtance from the Priſm as be- 
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Fig he Pape | . h il c 
Rl Th e aber the Rectilinen 
16, until I fou che ju t giſtance Where the Rectilinear 
Sides al the Image becarge maſk diſtin. For in this caſe 
the circular Images of ape A which compoſe that Image 
after the ſame manner that che. Circles ag, bh, ci, &c. do 
Fg. 23. the 19 5 t, were terminated moſt diſtinctly without any 
Penumbra, i extended into one another the 
Jeaſtꝭ t at they could, and by conſequence the mixture of 
renne R Foo : 
he Hererogeneous Rays was now the leaſt of all, By this 
Fig. 23, means I uſed to form an oblong Image (ſuch as is pt) of 


and 2.4. circular Images of the hole, (ſuch as are ag, bb, ci, &c.) 
and by ufing à greater or leſs hole in the Window-ſhur, I 
made the circular Images ag ,b h, ci, &c. of which it was 
formed, to become greater or leſs at pleaſure, and thereby 
the mixture of the Rays in the Image pt to be as much 
or as little as I deſired. | © 25 


% 


Fig. 24 HThuſtration. In the 24th Figure, F repreſents the circular 
hole in the Window-ſhut, R N the Lens whereby the 
Image or Species of that hole is caſt diſtinctly upon a 
Paper at J, ABC the Priſm whereby the Rays are at their 
emerging out of the Lens refracted from J towards ano- 
ther Paper at pt, and the round Image at ] is turned into 
an oblong Image p t falling on that other Paper. This 
Image 5 fon e Circles placed one after another in a 
Rectilinear order, as was ſoffciently explained in the fifth 
- ET ud — Experiment; 
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ws j conſequently anſwer in Magnitude to the hole F; and 
therefore by diminiſhing that hole they may be at pleaſure 
diminiſhed , whilſt their Centers remain in their places. 
By this means I made the breadth of the Image pt to be 
forty times, and ſometimes fixty or ſeventy times leſs than 
its length. As for inſtance, if the breadth of the hole F 
be & of an Inch, and MF the diſtance of the Lens from 
the hole be 12 Feet; and if p B or pM the diſtance of 
the Image pt from the Priſm or Lens be 10 Feet, and the 
refracting Angle of the Priſm be 62 degrees, the breadth 
of the Image pt will be j of an Inch and the length about 
ſix Inches, and therefore the length to the breadth as 72 
to 1, and by conſequence the Lin of this Image 71 times 
leſs compound than the Sun's direct Light. And Light 
thus far Simple and Homogeneal, is ſufficient for trying 
all the Experiments in this Book about ſimple Light. For 
the compoſition of Heterogeneal Rays is in this Light fo 
little that it is ſcarce to be diſcovered and perceived b 
ſenſe, except perhaps in the Indigo and Violet; for hee 
being dark Colours, do eaſily ſuffer a ſenſible allay by that 
little ſcattering Light which uſes to be refracted irregularly 
by the inequaliteis of the Priſm. e As 
Vet inſtead of the circular hole E, tis better to ſubſti- 
tute an oblong hole ſhaped like a long Parallelogram 
with its length Parallel to the Priſm AB C. For 1 this 
hole be an Inch or two long, and but a tenth or twentieth 
part of an Inch broad or narrower: the Light of the Image 
pt will be as Simple as before or ſimpler, and the Image 
will become much broader, and therefore more fit to have 
Experiments tried in its Light than before. bY 
Inſtead of this Parallelogram-hole may be ſubfticuted a 
Triangular one of equal Sides, whoſe Baſe for inſtance is 


G about 


i Gül the WARS Art 43 11 hich age les "Ubight' Hell's 
. For IR OL he Axis of tHe Print Be 

Paralfef'ro che geen fir f che Trrallgſe, che Krrage 
Fig. 25. 415 Wi 25 be forme Re tal Tridtifles "14. NM ei, 
ay, fm, &c. ad inftüfnerable other interitiedate olle 

"to the "Triahpular far 0 ia aße atid bignels; 
aſter Another in 2 c eitwial eries bet 
Nig Lines af and 7m. 


jm. Theft Triang es are a little 
inteftiag led at thelr © alts büt flöt at their Vettiees, and 
_ therefore die Light on the brighter de 2 of the Image 
Where the Bafes of the T imp les are is alittle compounded, 
but on ji darker fi 00 n 1s akoßecher uncompbunded, 
and in all Places bet ern the fides the Compoſition is 
Pro} MEIN to the Gſtances of Ut places from that ob- 
Ceürer fide g . And "havifig a Spectrum pr of fuch a 
Compoſition, 2 May try Exge 0 melt either in its ſtrong 
And lefs ſimple Light near the fide'af, or in its weaker 
and fimpler Light near the other fide I'm, as it Thalbſeeth 
moſt convenient. 

But in makin Nh Wi of this kind the Chamber 
ought to be made as dark as can be, leaft any forfeign 
Light mingle it ſelf with the Light of che Spectrum pt, 
and render it compound; eſpecially if we would try Ex- 
? periments in the more ſimple Light next the fide gm of 

_ the Spectrum; which ng, fainter, will have a leſs Pro- 
Ferns to the forreign Light, And fo by the mixture of 
at Light be more troubled and made more compound. 
The Lens alſo ought to be good, ſuch as may ſerve for 
Optical Uſes, and the Priſm ought to have a large Angle, 
fuppoſe of * degrees, and to be well wrought, being 
made of Glaſs free from Bubbles'and Veins, with its ſides 
not a little Convex or Concave as uſually happens but 
eruly Plane,and its polliſh elaborate, as in working Optick- 
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reflected every way in the Chamber, will mix with the 

oblong Spectrum and help, to diſturb it. In trying theſe 

chings ſo much Diligence, is not altogether neceſſary , but 

it will promote the ſucceſs of the Experiments, ande by a 

very ſcxypulous Examiner of things Peres to he applied: 

It's difficult to get glaſs Priſms fit for this purpoſe, and 

and therefore; I, uſed ſomętimes Priſmatick Veſſels made 

with pieces of broken, Looking-glafles, and filled with rain 

Water. And to increaſe the Refraction, I ſometimes im- 

pregnated the Water ſtrongly with Saccharum Saturni. 

Ag. H R 0 . V. 3 heor . TV. 

_ Homogeneal Light, is refraBted regwarly without any Dilatation 
"ſplitting, or ſhattering. of the Ras, and the confuſed Viſion 

| of Objects ſeen. through Refratting Bodies by Heterogeneal 
Loh ariſes. from the different, Refrangibility of ſeveral ſorts 


E firſt Part of this Propoſition has, been already 
oved in the fifth Experiment, and will 


1 ſufficiently ere ae e are 
further appear by the Experiments which follow. 


+8 
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G 2 | Exper. 1 * 


3 . 
Exper. 12. In the middle of a black Paper I made a 
round hole about a fifch or ſixth part of an Inch in Dia- 
meter. Upon this Paper I cauſed the Spectrum of Homo- 
eneal Light deſcribed in the former Propoſition, ſo to 
fall, that ſome part of the Light might paſs through the 
hole of the Paper. This tranſmitted part of the Light 1 
refracted with a Priſm placed behind the Paper, and let- 
ting this refracted Light fall perpendicularly upon a white 
Paper two or three Feet diſtant from the Priſm, I found 
that the Spectrum formed: on the Paper by this Light was 
not oblong, as when tis made (in the third Experiment) 
by Refracting the Sun's compound: Light, but was (fo far 
as I could judge by my Eye) perfectly circular, the length 
being no greater than > 96; 6K, 1 Which ſhews that this 
Light is refracted regularly without any Dilatation of the 
— a To 
Exper. 13. In the Homogeneal Light I placed a Circle 
of; of an Inch in Diameter, and in the Sun's unrefracted 
Heterogeneal white Light I placed another Paper Circle of 
the ſame bigneſs. Ps - going from the Papers to the diſtance 
of ſome Feet, I viewed both Circles through a Priſm. The 
Circle illuminated by the Sun's Heterogeneal Light appear- 
ed very oblong as in the fourth Experiment , the length 
being many times greater than the breadth : bur the other 
Circle illuminated with Homogeneal Light appeared Cir- 


cular and diſtinctly defined as when tis viewed with the | 


naked Eye. Which proves the whole Propoſition. 

Exper. 14. In the Homogeneal Light I placed Flies and 
fuch like Minute Objects, and viewing n through a 
Priſm , I ſaw their Parts as diſtinctly defined as if I had 
viewed them with the naked Eye. The ſame Objects pla- 
ced in the Sun's unrefracted Heterogeneal Light which was 
white I viewed alſo through a Priſm, and ſaw them moſt 

8 confuſedly 
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[53] 
conſedly defined, fo that I could not diſtinguiſh their ſmal- 


ler Parts from one another. I placed alſo the Letters of a 


ſmall Print one while in the ning ona Light and then 


in the Heterogeneal, and viewing them through a Priſm, 


they appeared in the latter caſe ſo confuſed and indiſtin& 


that I could not read them ; but in the former they ap- 
peared ſo diſtinct that I could read readily, and thought 
I ſaw them as diſtin as when I viewed them with my 


naked Eye. In both caſes I viewed the ſame Objects 


through the ſame Priſm at the ſame diſtance from me and 
in the ſame Situation. There was no difference but in the 
Light by which the Objects were illuminated , and which 
in one caſe was Simple and in the other Compound, and 
therefore the diſtinct Viſion in the former caſe and confu- 
ſed in the latter could ariſe from nothing elſe than from 
that difference of the Lights. Which proves the whole 
Propoſition. e - 
And in theſe three Experiments it is further very remar- 
kable, that the Colour of Homogeneal Light was never 
changed by the Refration. 


PROP. VI. Theor. V. 


The Sine of Incidence of every Ray conſidered apart, is to its Sine 
of Refraction in a given Ratio. 


HAT every Ray conſidered apart is conſtant to 
it ſelf in ſome certain degree of Refrangibility, is 
ſufficiently manifeſt out of what has been ſaid. Thoſe 
Rays which in the firſt Refraction are at equal Incidences 
moſt refracted, are alſo in the following Refractions at 
equal Incidences moſt refracted; and fo of the leaſt Re- 
frangible, and the reſt which have any mean degree of 
| e Refran- 


by . 
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Refeanghbiliy; is i. ware by che 4rb, 6, ch, 8th, 
and 500 "Experiticnts, Ard thoſe which 'the firſt time: at 
Tike Incidences are „ reer are again at like In- 
_cidences "&qually and umformly refracted, and that whe- 
ther they be refed before they be ſeparated from one 
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nother as in the 5th Experiment, or whether they be ce 
- I | 5 2 8 8 42 1 
. 
Fa: 9 
1 


Fracted pc, as in the 12th, 13th and 14th Experiments. 
The Refratcxion therefore of every Ray apart is regular, 
| and what Rule that Reftaction obſerves we are now 
hk OE lad nds thre ated n 
The late Writers in Opticks teach, that the Sines of in- 
eidence are in a given Proportion to the Sines of Refra- 
ction, as Was explained in the 5th Axiom; and ſome/-by ⁶ 
Iniſtruments fitted for ffleaſuring Refractions, or otherwiſe 
Experimentally examining this Proportion, do acquaint us 


that they have found it accurate. But whilſt they, noet 


underſtanding the different eee of ſeveral Rays, 
"conceived them all to be refracte 


. = 1 
according to one and 


"the ſamie Proportion, tis to be preſumed that they adapted 
their Meaſures only to the middle of the refracted Light; 
ſo that from their Meaſures we may conclude only that 


the Rays which have a mean degree of Ne ge z 
that is thoſe which when ſeparated from the re 
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green, are feſtacted according to a given Proportion of 1 
their Sines. "And therefore we are now to ſhew that the il 
like given Proportions obtain in all the reſt. That it 


D 


ſhould be ſo is very reaſonable, Nature being ever canfor- 
ma ble to her ſelf: but an experimental Proof is deſired. 
And ſuch a Proof will be had if we can ſhew that the 
Sines of Refraction of Rays differently Refrangible are 
one to another in à given Proportion when their Sines of 
Incidence are equal. For if the Sines of Refraction of al! 
the Rays are in given Proportions to the Sine of Refraction 
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= of a Ray which has a węan degree of Refrangibilir 
cis Sine is in a given Proportion to the equal Sines of 
= _ at; KY | me 8 2 * , : 
XZ Hncidence, thoſe other Sines of Refraction will alſo be in 
= given Pr portions to the equal Sines of Incidence. Now 
= when the Sines of Incidence are equal, it will appear by 
the following Experiment that the Sines of Refraction are 
in a given Proportion to one another. „ 


Exper. 15. The Sun fhining into a dark Chamber 
preſent, his round white Image painted on the oppolite 
Wall by his direct Light, P T his oblong coloured Image 
made by refracting that Light with a Priſm placed at the 
XZ Window; and pt, or 2p 2t, or 3 3t, hisoblong coloured 
"XZ Image made by refracting again the fame Light ſideways 
with a ſecond Priſm placed immediately after the firſt in 
ga croſs Poſition to it, as was explained in the fifth Experi- 
ment: that is to ſay, pt when the Refraction of the ſecond 
XZ Priſm is ſmall, 2p 2t when its Refraction is greater, and 
37 3 when it is greateſt. For ſuch will be the diverſity 
of the Refractions if the refracting Angle of the ſecond 
Priſm be of various Magnitudes ; ſuppoſe of fifteen or 
twenty degrees to make the Image pet, of thirty or 
forty to make the Image 2p 2t, and of ſixty to make 
che Image 3Þ 3t. But for want of ſolid Glaſs Priſms with 
Angles of convenient bigneſſes, there may be Veſſels 
made of poliſhed Plates of Glaſs cemented together in the 
form of Priſms and filled with Water. Theſe things heing 
thus ordered, I obſerved that all the ſolar Images or co- 
loured Spectrums P T. pt, 2p 2t, 3p zi did very nearly 
converge to the place S on which the direct Light of the 
Sun fell and painted his white round Image when the 
Priſms were taken away. The Axis of the Spectrum PT, 
chat is the Line drawn through the middle of it Parallel to 
0 Ks 
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through a little round hole in the Window-ſhut, let S re- Fig. 26. 


[ 560 2 
its Rectilinear Sides, did when produced paſs exactly Jeong 
the middle of that white round Image S. And when 
Refraction of the ſecond Priſm was equal to the Refraction 

of the firſt, the refracting Angles of them both being about 

60 degrees, the Axis of the Spectrum 3p 3 t made by that 
Refraction, did when produced paſs alſo through the mid- 
dle of the ſame white round Image S. But when the Re- 
fraction of the ſecond Priſm was leſs than that of the firſt, 
the produced Axes of the Spectrums t p or 2t 2p made 
by that Refraction did cut the produced Axis of the Spe- 
ctrum TP in the Points m and n, a little beyond the Cen- 
ter of that white round Image S. Whence the Proportion 
of the Line 3t T to the Line 35 P was a little greater than 
the Proportion of 2t T to 2 pP, and this Proportion a little 
greater than that of tT to pP. Now when the Light of 
the Spectrum P T falls perpendicularly upon the Wall, thoſe 
Lines 3tT, 35 P, and 2t T, 22 P and t T, pP, are the Tan- 
gents of the Refractions; and therefore by this Experiment 
the Proportions of the Tangents of the Refractions are ob- 
tained, from whence the Proportions of the Sines being deriv- 
ed, they come out equal, ſo far as by viewing the Spectrums 
and af ſome Mathematical reaſoning I could Eſtimate. 
For I did not make an Accurate Computation. So then 
the Propoſition holds true in every Ray apart, ſo far as ap- 

ears by Experiment. And that it is accurately true may 
. demonſtrated upon this Suppoſition, That Bodies refra#t 
Light by acting upon its Rays in Lines Perpendicular to their 
| Surfaces. But in order to this Demonſtration, I muſt di- 
ſtinguiſh the Motion of every Ray into two Motions, the 
one Perpendicular to the refracting Surface, the other Pa- 
rallel to it, and concerning the Perpendicular Motion lay 


down the following Propoſition. 


It 


a | * | 


If any Motion or moving thing whatſoever be incident 
with any velocity on any broad and thin Space termina- 
ced on both ſides by two Parallel Planes, and in its paſſage 
through that ſpace be urged perpendicularly towards the 
further Plane by any force which art given diſtances from 
the Plane is of given quantities ; the perpendicular Velo- 
city of that Motion or Thing, at its emerging out of that 
ſpace, ſhall be always equal to the Square Root of the 
Summ of the Square of the perpendicular Velocity of 
that Motion or Thing at its Incidence on that ſpace; p 
and of the Square of the perpendicular Velociry which 
that Motion or Thing would have at its Emergence, if 
at its Incidence its perpendicular Velocity was infinitely 
little. FFF 
And the ſame Propoſition holds true of any Motion or 
Thing perpendicularly retarded in its paſſage through that 
ſpace, if inſtead of the Summ of the two Squares you take 
thei difference. The Demonſtration Mathemaricians will 
eaſily find out, and therefore I ſhall not trouble the Rea- 
SFr %% $5 I 2Rs ee MOR 
Suppoſe now that a Ray coming moſt obliquely in the Fg. 1. 
Line MC be refracted at C by the Plane RS into the Line 
N, and if it be required to find the Line CE into which 
any other Ray AC ſhall be refracted; let MC, AD, be 
the Sines of incidence of the two Rays, and NG, EF, their 
Sines of Refraction, and let the equal Motions of the In- 
cident Rays be repreſented by the equal Lines MC and 
AC, and the Motion MC being conſidered as parallel to 
the refracting Plane, let the other Motion AC be diſtin- 
guiſhed into two Motions AD and DC, one of which 
AD is parallel, and the other DC perpendicular to the re- 
fracting Surface. In like manner, bo the Motions of the 
emering Rays be diſtinguiſh'd into two, whereof the per- 
I H pendicular 
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perpendicular ones are 1h EG and 7 CB. And if the 
force of the. refracting Plang begins to af ugon the Rays 
either in that Plane ar at a certain diſtance from, it on the 
one. fide, and ends at a certain diſtance from it on the 
other ſide, and in all places between thoſe two Limits acts 
upon the Rays in Lines perpendicular to that rafracting 
Plane, and the Actions upon the Rays at equal diſtances 
from the res renn ke be.equal, and at unequal ones ei- 
ther equal or unequal according to any rate whatever; 
that motion of the Ray which is Parallel to the refracting 
Plane will ſuffer no alteration by that force; and that mo- 
tion which is perpendicular to it will be altered according 
to the rule of the foregoing Propoſition. If therefore for 
the perpendicular Velocity of the emerging Ray CN you 


write x57 CG as above, then the perpendicular Velocity 
of any other emerging Ray CE which was FF CF, will be 


equal to the ſquare Root of CDq + NGg CGq And 


by ſquaring theſe. equals, and adding to them the Equals 
ADqand MCq---CD4, and dividing the Summs by the 
Equals CFq-+ EFH and CGq + NGg, you will have 


257 equal to 55 Whence AD, the Sine of Incidence, 
is to EF the Sine of Refraction, as MC to NG, that is, 
in a given ratio. And this Demonſtration being general, 
without determining what Light is, or by what Find of- 
force it is refracted, or aſſuming any thing further than 
chat the reftacting Body acts upon the Rays in Lines per- 


1 to its Surface ; I take it to be a very convincing 
Argument of the full Truth ofthis Propoſition. 


0 wn, ed SR o—_ 


s 4 >, 1 2 F | . c 
. K üsben 


Jo; 


[99] 

So chen, if the mtio of che Sines of Incidence and Re- 

fraction of any fort of Rays be found in any one Caſe, tis 

given in all Caſes; and this may be readily found by the 
Method in the following Propoſition. Ae 


PROP. VII. Theor. VI. 


The Perfettion of Tele copes is impeded by the different Refran- 
gibility of the Rays of Light. MM 


IHE imperfection of Teleſcopes is vulgarly attri- 
1 duted to the ſpherical Figures of the Glaſſes, and 
therefore Mathematicians have propounded to Figure them 
by the Conical Sections. To ſhew that they are miſta- 
ken, I have inſerted this Propoſition; the truth of which 
will appear by the meafures of the Refractions of the ſeve- 
ral ſorts of Rays; and theſe meaſures I thus determine. 
In the third experiment of the firſt Book, where the re- 
fracting Angle of the Priſm was 623 degrees, the - half of 
that Angle 31 deg. 15 min. is the Angle of Incidence of 
the Rays at their going out of the Glaſs into the Air; and 
the Sine of this Angle is 5188, che Radius being 1 0000. 
When che Axis of this Priſm was parallel to the Tora, 
and the Refraction of the Rays at their Incidence on this 
Priſm equal to that at their Emergence out of it, I obſerved 
with a Garand the Angle which the mean refrangible Rays 
(chat is, thoſe which wentto the middle ofche Suns colour- 
ed Image) made wich the Horizon and by this Angle and 
the Sun's altitude obſerved at the ſame time, I found the 
Angle which the emergent Rays contained with the incident 
to be 44 deg. and 40 min. and the half of this Angle ad- 
ded to the Angle of Incidence 3 1 deg. 15 min. eg 5 the 
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Angle of Refraction, which is therefore 53 wr. 35 min. and 


its Sine $047. Theſe are the Sines of Incidence and Re- 


fraction of the mean refrangible Rays, and their N. we 


in round numbers is 20 to 31. This Glaſs was of a colour in- 
clining to green. The laſt of the Priſms mentioned in the 
third Experiment was of clear white Glaſs. Its refracting 
Angle 63, degrees. The Angle which the emergent Rays 
contained, with the incident 45 deg. 50 min. The Sine of 
half the firſt Angle 5262. The Sine of half the Summ 
of the Angles 8157. And their proportion in round num- 
bers 20 to 31 as before. » | 

From the Length of the Image, which was about 92 or 
10 Inches, ſubduct its Breadth, which was 2 Inches, and 


the Remainder 73 Inches would be the length of the Image 1 
were the Sun but a point, and therefore ſubtends the an- 


le which the moſt and leaſt refrangible Rays, when inci- 
Me on the Priſm in the ſame Lines, do contain with one 
another after their Emergence. Whence this Angle is 
2 deg. o. 7. For the diſtance between the Image and the 
Priſm where this Angle is made, was 18 Feet, and at that 
diſtance the Chord 72 Inches ſubtends an Angle of 2 deg. 


o. 7. Now half this Ange is the Angle which theſe e- 


mergent Rays contain with the emergent mean refrangible 
Rays, and a quarter thereof, that is 30. 2. may be ac- 


counted the Angle which they would contain which the 
| fame emergent mean refrangible Rays, were they co-inci- 
dent to them within the Glaſs and ſuffered no other Re- 


fraction then that at their Emergence. For if two equal 


Refractions, the one at the incidence of the Rays on the il 


Priſm, the other at their Emergence, make half the Angle 
2 dep. o. 7. then one of thoſe Refractions will — 5 
about a quarter of that Angle, and this quarter added to 
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gles of Refraction of the moſt and leaſt r 
54 deg. 5 2; and 53 deg. 4. 58˙ whoſe Sines are 8099 


derſtand, that the breadth of the lea 
which Object- Glaſſes of Teleſcopes can collect all ſorts of 
Parallel Rays, is about the 27: part of half the aperture 
of the Glaſs, or 55th- part of the whole aperture; and 
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and ſubducted from the Angle of Refraction of the mean 
refrangible Rays, which was 53 deg. 35, 2 the An- 


angible Rays 
and 7995, the common Angle of Incidence being 3 1 deg. 


15 and its Sine 5188; and theſe Sines in the leaſt round 


numbers are in proportion to one another as 78 and 77 
to 50. i: 333 1 

Now if you ſubduct the common Sine of Incidence 50 
from the Sines of Refraction 77 and 78, the remainders 


27 and 28 ſhew that in ſmall Refractions the Refraction 
of the leaſt refrangible Rays is to the Refraction of the moſt 


refrangible ones as 27 to 28 very nearly, and that the dif- 
ference of the Refractions of the leaſt Aur <P and moſt 


refrangible Rays is about the 27:th part of the whole Re- 
fraction of the mean 1 Rays. | | 


Whence they that are skilled in 


3 will eaſily un- 


circular ſpace into 


that the Focus of the moſt refrangible Rays is nearer to the 


Object-Glaſs thanthe Focus of the leaſt refrangible ones, by 


about the 271th part of the diſtance between the Object- 
Glaſs and the Focus of the mean refrangible ones. 
And if Rays of all forts, lowing from any one lucid point 


in the Axis of any convex Lens, be made by the Refraction 
of the Lens to converge to points not too remote from the 
Lens, the Focus of the moſt refrangible Rays. ſhall be 
nearer to the Lens than the Focus of the leaſt refrangible 
ones, by a diſtance which is to the 272th part of the di- 
ſtance of the Focus of the mean refrangible Rays from the 
Lens as the diſtance between that Focus and the lucid 


Point 
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point run Whente che Rays flow. is to the diſtance be- 
tween that ſucid point and the Lens very nearly. 

No to examine whether the: difference between the Re- 
fractions which the moſt refrangible and the leaſt refran- 
-gible Rays flowing from the ſame point ſuffer in the Ob- 
ject-Glaſſes of Teleſcopes and ſuch Iike Glaſſes, be fo great 
as is here «deſcribed; I contrived the following Experi- 
ment. i ro th - ets 

Exper. 16. The Lens which I uſed in the ſecond and 
eighth Experiments, being placed fix Feet and an Inch dif- 
tant from any Object, collected the Specics of that Object MR 

by the mean refrangible Rays at the diſtance of ſix Feet 
5 75 — Inch from the Lens on the other ſide. And there- 
Fore by the foregoing Rule it ought to collect the . of 
that Object by the Raft refrangible Rays at the diſtance of 
ix Feet and 35 Inches from the Lens, and by the moſt re- 
frangible ones at the diſtance of five Feet and 10 Inches 
from it: So that between the two Places where theſe leaſt 
and moſt refrangible Rays collect the Species, there may Ml 
be the diſtance of about 5 Inches. For by that Rule, as 
Mix Feet and an Inch (the diſtance of the Lens from the il 
Jucid Object) is to twelve Feet and two Inches (the di- 
Nanee of the lucid Object from the Focus of the mean re- 
frangible Rays) that is, as ohe is to two, ſo is the 273th 
part of ſix Feet and an Inch (the diſtance between the Lens 
and the ſame Focus) to the diſtance between the Focus of 
the moſt refrangible Rays and the Focus of the leaſt re- 
franpible ones, which is therefore 52 Inches, that is very | 
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nearly 5; Inches. Now to know whether this meaſure 
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was true, I repeated the ſecond and eighth Experiment of 


— 


tllis Book with coloured Light, which was leſs compound- 
ed than that I there made uſe of: For I now ſeparated the 


hetero- 
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etcrogeniebus Rays from! ite een 
28 in the 1, 1th; Eypetimant, fa as to make arcolonred 
Spectram about twelve! os fifteen times longer thary broad. 


* 


found that the Species of the Letters illuminated with Blue 


were nearer to the Lens than thoſe illuminated with deep 
artex: but the 
Species of the Letters illuminated with In igo and Violet 
appeared fo confuſed. and indiſtinct, char I could not read 


Red by about three Inches or three and a 


them: Whereupon viewing the Priſm, L found it was full 


of Veins running from one end of the Glaſs to the other; 


fa that che Refraction could not be regular. I took ano- 
ther Priſm therefore which was free from Veins; and in- 
ſtead of the Letters I uſed two or three Parallel black Lines 
2 litrle broader than the ſtroakes of the Letters, and caſt- 


ing the Colours upon theſe Lings in ſuch manner that the | 
Lines ran along the Colours from one end of the Spectum 


to the other, I found that the Focus where the Indigo, or 
confine of this colour and Violet, caſt the Species of the 
black Lines moſt diſtinctly, to be about 4Inches or 4. near- 
er to the Lens than the Focus where the deepeſt Red caſt 
the Species of the ſame black Lines moſt diſtinctly. 
The violet was ſo faint and dark, that I could not 
diſcern: che Species of the Lines diſtinctly by chat Co- 
lour; and therefore conſidering that the Priſm was made 
ef a dark coloured Glaſs inclining to Green, I took another 


Piſm of clear white Glaſs ; but the Spectrum of Colours 
which this Priſm made had long white Streams of fainr 


> 
— 


Eight ſhooting out from both ends of the Colours, which 
made me conclude that ſomething was amiſs; and view- 
Df wn ho 


from one another by the Method I de- 


This Spectrum caſt on 2 printed bock, and placing the 
above-mentioneil Lens at the diſtance of ſix Feet and an 
Inch from this Spectrum te collect che Species of the illu- 


11641] ES 
ing the Priſm, 1 found two or three little Bubbles in the 


ting the Ligh paſs through another part of it which was 


free from ſuch Bubles, the Spectrum of Colours became 


free from thoſe irregular Streams of Light, and was now 
ſuch as I deſired. But ſtill I found the Violet ſo dark and 
faint, that I could ſcarce ſee the Species of the Lines by the 
Violet, and not at all by the deepeſt — of it, which was 


next the end of the Spectrum. I ſuſpected therefore that 


this faint and dark Colour might be allayed by that ſcat- 
tering Light which was refracted, and reflected irregularly 
partly by ſome very ſmall Bubbles in the Glaſſes and 
partly by the inequalities. of their Poliſh: which Light, 


tho it was but little, — it being of a White Colour, 


might ſuffice to affect the Senſe ſo ſtrongly as to diſturb 
the Phænomena of that weak and dark Colour the Violet, 
and therefore I tried, as in the 12th, 13th, 14th Experi- 


ments, whether the Light of this Colour did not conſiſt of 
2 ſenſible mixture of heterogeneous Rays, but found it did 
not. Nor did the Refractions cauſe any other ſenſible 


Colour than Violet to emerge out of this Light, as they 
would have done out - of White Light, and by con- 
ſequence out of this Violet Light had it been ſenſi- 
bly compounded with White Light. And therefore I con- 


cluded, chat the reaſon why I could not ſee the Species of 


the Lines diſtinctly by this Colour, was only the darkneſs 
of this Colour and Thinneſs of its Light, and its diſ- 
tance from the Axis of the Lens; I divided therefore thoſe 
Parallel Black Lines into equal Parts, by which I might 
readily know the diſtances of the Colours in the Spectrum 
from one another, and noted the diſtances of the Lens 
from the Foci of ſuch Colours as caſt the Species of the 


. 
— — 


Glaſs which refracted the Light irregularly. Wherefore 1 
covered that part of the Glaſs: with black Paper, and let- 
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Lines diſtinctly, and then conſidered whether the diffe- 
rence of thoſe diſtances bear ſuch proportion to 5 Inches, 
the greateſt difference of the diſtances which the Foci of 


the * Red and Violet ought to have from the Lens, 


as the diſtance of the obſerved Colours from one another 
in the Spectrum bear to the like diſtance of the deepeſt Red 
and Violet meaſured in the rectilinear ſides of the Spect- 
rum, that is, to the length of thoſe ſides or exceſs o the 
length of the Spectrum above its breadth. And my Ob- 
ſervations were as follows. 
When I obſerved and compared the deepeſt ſenſible Red, 
and the Colour in the confine of Green and Blue, which 
at that rectilinear ſides of the Spectrum was diſtant from it 


half the length of thoſe ſides, the Focus where the confine 


of Green and Blue caſt the Species of the Lines diſtinctly 


on the Paper, was nearer to the Lens then the Focus where 


the Red caſt thoſe Lines dictinctly on it by about 22 or 


2 ? Inches. For ſometimes the Meaſures were a little grea- 
ter, ſometimes a little leſs, but ſeldom varied from one 


another above; of an Inch. For it was very difficult to 


define the Places of the Foci, without ſome little Errors. 


Now if the Colours diſtant half the length of the Image, 


( meaſured at its rectilinear ſides) give 2; or 22 difference 


_— 


of the diſtances of their Foci from the Lens, then the Co- 
lours diſtant the whole length ought to give 5 or 5; Inches 


difference of thoſe diſtances. 


But here it's to be noted, that I could not ſee the Red 


to the full End of the Spectrum, but only to the Center 


of the Semicircle which bounded that End, or a little far- 


ther ; and therefore I compared this Red not with that Co- 


-lour which was exactly in the middle of the Spectrum, or 


confine of Green and Blue, but with that which verged a 


little more to the Blue than to the Green: And as I reck- 
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oned the whole length of the Colours not to be che whole 
length of the Spectrum, but the length of its rectilinear 
ſides, ſo completing the Semicirlar Ends into Circles, when 


either of the obſerved Colours fell within thoſe Circles, I 
meaſured the diſtance of that Colour from the End of the 


Spectrum, and ſubducting half the diftance from the mea- 
ſured diſtance of the Colours, I took the remainder for 
their corrected diſtance ; and in theſe Obſervations ſet 
down this corrected diſtance for the difference of their di- 
ſtances from the Lens. For asthe length of the rectilinear 


ſides of the Spectrum would be the whole age of all the 


Colours, were the Circles of which (as we ſhewed) that 


Spectrum conſiſts contracted and reduced to Phyſical 
Points, ſo in that Caſe this corrected diſtance would be the 


real diſtance of the obſerved Colours. 


When therefore I further obſerved the deepeſt ſenſible Red, 
and that Blue whoſe corrected diſtance from it was 2 parts 
of the length of the rectilinear ſides of the Spectrum, the 
difference of the diſtances of their Foci from the Lens was 
about 33 Inches, and as 7 to 12 ſo is 33 to 52. 
When I obſerved the deepeſt ſenſible Red, and that Indi- 
go whoſe corrected diſtance was & or; of the. length of the 
rectilinear ſides of the Spectrum, the difference of the di- 
ſtances of their Foci from the Lens, was about 3; Inches, 


and as 2 to; ſo is 3 to 55. 


about 4 Inches; and as 3 to 4 lo is 4 to 53. 
When I obſerved the deepeſt ſenſible Red, and that part 


of the Violet next the Indigo whoſe corrected diſtance from. 
the Red was 2 or £ of the length of the rectilinear fides of 
| 5 the · 


When I obſerved the deepeſt ſenſible Red, and that deep 
Indigo whoſe corrected diſtance from one another was 2 or 
of the length of the rectilinear ſides of the Spectum, the 
difference of the diſtances of their Foci from the Lens was 
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the Spectrum, the difference of the diſtances of their Foci 
from the Lens was about 4: Inches; and as 5 to 6, fo is 
47 to 55. For ſometimes when the Lens was advantagi- 
ouſly placed, ſo that its Axis reſpected the Blue, and all 
things elſe were well ordered, and the Sun ſhone clear, and 
I held my Eye very near to the Paper on which the Lens 
caſt the Species of the Lines, I could ſee pretty diſtinctly 
the Species of thoſe Lines by that part of the Violet which 
was next the Indigo; and ſometimes I could ſee them by 
above half the Violet. For in making theſe Experiments 
I had obſerved, that the Species of thoſe Colours only ap- 
peared diſtinct which were in or near the Axis of the Lens : 
So that if the Blue or Indigo were in the Axis, I could ſee 
their Species diſtinctly ; and then the Red appearedmuch 
leſs ditince than before. Wherefore I contrived to make 
the Spectrum of Colours ſhorter than before, ſo that both 
its Ends might be nearer to the Axis of the Lens. And 
now its length was about 23 Inches and breadth about or 
5 of an Inch. Alſo inſtead of the black Lines on which the 
Spectrum was caſt, I made one black Line broader than 
thoſe, that I might ſee its Species more eaſily; and this 
Line I divided by ſhort croſs Lines into equal Parts, for 
meaſuring the diſtances of the obſerved Colours. And now 
I could ſometimes ſee the Species of this Line with its divi- 
ſions almoſt as far as the Centers of the Semicircular Violet 
End of the Spectrum, and made theſe further Obſervations. 
When I obſerved the deepeſt ſenſible Red, and that part 
of the Violet whoſe corrected diſtance from it was about 
2 Parts of the rectilinear ſides of the Spectrum the difference 
of the diſtances of the Foci of thoſe Colours from the Lens, 
= was one time 45, another time 4; anothertime 44, Inches, 
7 andas8tog, ſo are 45, 4 45 to 5% 5257 reſpectively. 
a | — 12 — When 
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When I obſerved the deepeſt ſenſible Red, and deepeſt 
ſenſible Violet, (the corrected diſtance of which Colours 
when all things were ordered to the beſt advantage, and the 


Sun ſhone very clear, was about ; or 1; parts of the length 


: ; 2 16 
of the rectilinear ſides of the coloured Spectrum,) I found 
the difference of the diſtances of their Foci from the Lens 
ſometimes 43 ſometimes 5:, and for the moſt part 5 Inches 
or thereabouts: and as 11 to 12 or 15 to 26, ſo is five 
Inches to 52 or 5; Inches. on 
And by this progreſſion of Experim 
ſal, that had che light arthe very Ends of theSpectrum been 
ſtrong enough to make the Species of the black Lines ap- 


— 


pu plainly on the Paper, the Focus of the deepeſt Vio- 


Jet would have been found nearer to the Lens, than the Fo- 
cus of the deepeſt Red, by about 5+ Inches at leaſt. And 
this is a further Evidence, that the Sines of Incidence and 
Refraction of the ſeveral forts of Rays, hold the fame pro- 


portion to one another in the fmalleſt Refractions which s 


they do in the greateſt. 


My progreſs in making this nice and troubleſome Expe- 


riment I have fet down more at large, that they that ſhall 
try it after me may be aware of the Circumſpection re- 
quiſite to make it ſucceed well. And if they cannot make 
it ſucceed ſo well as I did, they may notwithſtanding col- 
lect by the Proportion of the diſtance of the Colours in the 
Spectrum, to the difference of the diſtances of their Foci 
from the Lens, what would be the ſucceſs in the more di- 
Rant Colours by a better Trial. And yet if they uſe a 
broader Lens than I did, and fix it to a long ſtreight Staff 


by means of which it may be readily and truly directed to 
the Colour whoſe Focus is deſired, I queſtion not but the 


Experiment will ſucceed better with them than it did with 
me. For I directed the Axis as nearly as I could to the 
middle 


eſſion of Experiments I ſatisfied my 
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5 1 
middle of the Colours, and then the faint Ends of the 


Spectrum being remote from the Axis, caſt their Species leſs 


diſtinctly on the Paper than they would have done had the 
Axis been ſucceſſively directed to them. N 

Now by what has been ſaid its certain, that the Rays 
which differ in refrangibility do not converge to the ſame 
Focus, but if they flow from a lucid point, as far from 
the Lens on one ſide as their Foci are one the other, the 
Focus of the moſt refrangible Rays ſhall be nearer to the 
Lens than that of the leaſt refrangible, by above the four- 


teenth part of the whole diſtance: and if they flow from a lu- 
cid point, ſo very remote from the Lens that before their 


Incidence they may be accounted Parallel, the Focus of the 
moſt refrangible Rays ſhall be nearer to the Lens than the 
Focus of the leaſt refrangible, by about the 27th or 28th part 
of their whole diſtance from it. And the Diameter of the 


Circle in the middle ſpace between thoſe two Foci which | 


they illuminate when they fall there on any Plane, perpen- 


dicular to the Axis (which Circle is the leaſt into which 
they can all be gathered) is about the 55th part of the Dia- 


meter of the aperture of the Glaſs. So that 'tis a wonder 
that Teleſcopes repreſent Objects ſo diſtin& as they do. But 


were all the Rays of Light equally refrangible, the Error 


ariſing only from the ſphericalneſs of the Figures of Glaſſes 


would be many hundred times leſs. For if the Object- 
Glaſs of a Teleſcope be Plano-convex, and the Plane ſide 


be turned towards the Object, and the Diameter of the 


Sphere whereof this Glaſs is a ſegment, be called D, and the 


Semidiameter of the aperture of the Glaſs be called S, and 
the Sine of Incidence out of Glaſs into Air, be to the Sine of 
Refraction as I to R: the Rays which come Parallel to the 


Axis of the Glaſs, ſhall in the Place where the Image of the 
Object is moſt diſtinctly made, be ſcattered all over a little 
= on Circle 


[70] 
Circle whoſe Diameter is 1 * 9 5 very nearly, as I ga- 
ther by computing the Errors of the Rays by the method 
of infinite Series, and rejecting the Terms whoſe quanti- 
tities are inconſiderable. As for inſtance, if the Sine of In- 
cidence I, be to the Sine of Refraction R, as 20 to 31, and 
il D the Diameter of the Sphere to which the Convex ſide 
of the Glaſs is ground, be 100 Feet or 1200 Inches, and 


s the Semidiameter of the aperture be two Inches, the 


1 ow „ oa. 
Diameter of the little Circle (that is 7x D quad. ? will be 


* EL r I ) parts of an Inch. But the 
Diameter of the little Circle through which theſe Rays are 
ſcattered by unequal refrangibility, will be about the 5 5th 
part of the aperture of the Object- Glaſs which here is four 
Inches. And therefore the Error ariſing from the ſpherical 
Figure of the Glaſs, is to the Error ariſing from the diffe- 
rent Refrangibility of the Rays, as 388 to £ that is as 1 
to 8151: and therefore being in Compariſon ſo very little, 
- deſerves not to be conſidered.  _ SS = 

But you will ſay, if the Errors cauſed by the different re: 
frangibility be ſo very great, how comes it to paſs that Ob- |? 
jects appear through Teleſcopes ſo diſtinct as they do? I an- 
ſwer, tis becauſe the erring Rays are not ſcattered uniform: 

ly over all that circular ſpace, but collected infinitely more 
denſely in the Center than in any other part of the Circle, 
and in the way from the Center to the Circumference grow 
continually rarer and rarer, ſo as at the Circumference to 
become infinitely rare; and by reaſon of their rarity are 

Fig. 27 not ſtrong enough to be viſible, unleſs in the Center and ve- [| 

8 '* ry near it. Let ADE repreſent one of thoſe Circles de- 

{ribed with the Center C and Semidiameter AC, and let 
BEG be a ſmaller Circle concentric to the former, cutting 
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Orange than to Green. 


with its Circumference the Diameter AC in B, and beſect 


AC in N, and by my reckoning the denſity of the Light 


in any place B will be to its denſity in N, as AB to BC; 
and the whole Light within the leſſer Circle BFG, will be 
to the whole Light within the greater AED, as the Exceſs of 
the Square of AC above the Square of AB, is to the Square 
of AC. As if BC be the fifth part of AC, the Light will be - 


four times denſer in Bthan in N, and the whole Light with- 


in the leſs Circle,will be tothe whole Light within the grea- 
ter, as nine to twenty five. Whence it's evident that the 


Light within the leſs Circle, muſtſtrike the ſenſe much more 


ſtrongly, than that faint and dilated light round about be- 
tween it and the Circumference of the greater. * 
But its further to be noted, that the moſt luminous of 


the priſmatick Colours are the Yellow and Orange. Theſe 


affect the Senſes more ſtrongly than all the reſt together, and 
next to theſe in ſtrength are the Red and Green. The Blue 
compared with theſe is a faint and dark Colour, and the In- - 
digo and Violet are much darker and fainter, ſo that theſe : 
compared with the ſtronger Colours are little to be regard- - 
ed. The Images of Objects are therefore to be placed, not 
in the Focus P the mean refrangible Rays which are in the 
confine of Green and Blue, but in the Focus of thoſe Rays 
which are in the middle of the Orange and Yellow ; there 
where the Colour is moſt luminous and fulgent, that is in 
the brighteſt Yellow, that Yellow which inclines more to 
And by the Refraction of theſe . 
Rays ( whoſe Sines of Incidence and Refraction in Glaſs - 
are as 17 and 11 ) the Refraction of Glaſs and Cryſtal for : 
optical ufes is to be meaſured. Let us therefore place the 
Image ot the Object in the Focus of theſe Rays, and all the 
Yellow and Orange will fall within a Circle, whoſe Dia- 
meter is about the 25 oth paxt of the Diameter of che aper- 

ture 


ture of the Glaſs. And if you add the brighter half of the 
Red, (that half which is next the Orange, and the brighter 
Half of the Green, (that half which is next the Vellow,) a- 


h | 
bout three fifth parts of the Light of theſe two Colours will 
fall within the ſame Circle, and two fifth parts will fall with- 


out it round about; and that which falls without will be 
13 through almoſt as much more ſpace as that which 
'T | 


Ils within, and ſo in the pon be almoſt three times ra- 


rer. Of the other half of the Red and Green, (that is of 


the deep dark Red and Willow Green) about one quarter 
will fall within this Circle, and three quarters without, and 
that which falls without will be ſpread through about four 
or five times more ſpace than that which fall within; and ſo 
in the groſs be rarer, and if compared with the whole Light 
within it, will be about 25 times rarer than all that taken in 
the graſs; or rather more than 30 or 40 times rarer, be- 
0 ——4 the deep red in the end of the Spectrum of Colours 
made by a Priſm is very thin and rare, and the Willow Green 
is ſomething rarer than the Orange and Yellow. The Light 
of theſe Colours therefore bring ſo very much rarer than that 
within the Circle, will ſcarce affect the Senſe eſpecially ſince 
the deep Red and Willow Green of this Light, are much 
darker Colours then the reſt. And for the ſame reaſon the 
Blue and Violet being much darker Colours than theſe, and 
much more rarified, may be neglected. For the denſe and 
bright Light of the Circle, will obſcure the rare and weak 
Light of theſe dark Colours round about it, and render them 
almoſt inſenſible. The ſenſible Image of a lucid point is 
therefore ſcarce broader than a Circle whoſe. Diameter is 
the 25oth part of the diameter of the aperture of the Object 
Glaſs of a good Teleſcope, or'not much broader, if you 
except a faint and dark miſty light round about it, which 
| aSpeRtator will ſcarce regard. And therefore in a Teiowge 
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whoſe aperture is four Inches, and length an hundred Feet; 
it exceeds not 2 45 , or 3 And in a Teleſcope whoſe 
aperture is two Inches, and length 20 or 30 Feet, it may 
be 5 or & and ſcarce above. And this Anſwers well to 
Experience: For ſome Aſtronomers have found the Dia- 
meters of the fixt Stars, in Teleſcopes of between mo 


* 
— 


and ſixty Feet in length, to be about 4 or 5 or at mo 


with the ſmoke of a Lamp or Torch, to obſcure the Light 
of the Star, the fainter Light in the circumference of the 
Star ceaſes to be viſible, and the Star (if the Glaſs be ſuffici- 
ently ſoiled with ſmoke) appears ſomething more like a Ma- 
thematical Point. And for the ſame reaſon, the enormous 
part of the Light in the Circumference of every lucid Point 
ought to be leſs diſcernable in ſhorter Teleſcopes than in 
longer, becauſe the ſhorter tranſmit leſs Light to the Eye. 
Now if we ſuppoſe the ſenſible Image of a lucid point, 


to be even 250 times narrower than the aperture of the 


Glaſs: yet were it not for the different refrangibility of the 
Rays, its breadth in an 100 Foot Teleſcope whoſe aperture 


is 4 Inches would be but = parts of an Inch, as is ma- 


nifeſt by the foregoing Computation. And therefore in 


this Caſe the greateſt Errors ariſing from the ſpherical Figure 


of the Glaſs, would be to the greateſt ſenſible Errors ari- 


ſing from the different refrangibility of the Rays as a= 


3600000 


to & at moſt, that is only as 1 to 1826. And this ſuffi- 
ciently ſhews that it is not the ſpherical Figures of Glaſſes 


but the different refrangibility of the Rays which hinders the 
perfection of Teleſcope. e 


There is another Argument by which it may appear that 


the different refrangibility of Rays, is the true Cauſe of the 
„ e of Teleſcopes. For the Errors of the Rays 
ariſing from the ſpherical Figures of Object- Glaſſes, are as 

K the 


ve h 3 
two Glaſſes with Water between them. 


Ni. pre: 
Sg. 28. fent the Object- Glaſs compoſed of two Glaſſes ABE D and 


K: and let the Diameter of the Sphere to which the convex. 
of the | Sphere to which the concave ſides BME and BNE 
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ture, magnifies 15 times. 


Nou were it not for th 
Teleſcopes _ 


and BEFC, alike convex on the outſides AGD and CHF, 
and alike concave on the inſides BME, BNE, with Water 
in the concavity BUEN. Let the Sine of Incidence out of 
Glaſs into Air be as Ito R and out of Water into Air as K 
to R, and by conſequence out of Glaſs into Water, as I to 


hides AGD and CHF are ground be D, and the Diameter 


are ground be to D, as the Cube Root of KK—KI'to che 
Cube Root of RK— RI: and the Refractions on the cons 
eave ſides of the Glaſſes, will very much cortect the Errors 
of the Refractions on the convex ſides, fo far as they ariſe 
from the ſphericalneſs of the Figure. And by this means 

might 


[75] 

might Teleſcopes be brought to ſufficient perfection, 
not for the diſſerent refrangibility of ſeveral [ave Rays. But 
by. reaſon of this different refrangibility, I do not yet ſee any 
other means of improving Teleſcopes by Refractions alone 
than that of increaſing their lengths, for which end the late 
contrivance of Hagenius ſeems well accommodated. For 
very long Tubes are cumberſome, and ſcarce to be readily 
managed, and by reaſon of their length are very apt to 
bend, and ſhake by bending ſo as to cauſe 2 continual 
trembling in the Objects, whereby it becomes difficult ro 
ſee them diſtinaly : whereas by his contrivance the Glaſſes 
are readily manageable; and the Object- Claſs being fixt up- 
on a ſtrong upright Pole becomes more ſteddy e - 

Seeing therefore them provement of Teleſcopes: of given 
lengths by Refractions is deſperate ;-I-contrived heretofore 2 
Perſpective by reflexion, uſing inftead of an -Qbje&.Glaſs 
a concave Metal. The dia 
the Metal was ground concave was about 25-Engliſh Inches, 


ion, were ir 


* 


meter of the Sphere to which 


and by conſequence the length of the Inſtrument about fix | 
Inches and a quarter. The Eye-Glaſs was plan- convex, 
and the Diameter of the Sphere to which the convex ſide was 
ground was about f of an Inch, or a lietle leſs, and by con- 
fequence it magnified between 30 and 40 times. By ano- 
ther way of meaſuring I. ound that it magnified about 
35 times. The Concave Metal bore ar apertirre of an Inch 
and a third part; but the aperture was limited not by an 
opake Circle, covering the Limb of the Metal round about, 
but by an opake circle placed between the Eye- Glaſs and the 
Eye, and perforated. in the middle with & little round hole 
for the Rays to paſs through. to the Eye. For this Circle 
by being placed here, ſtopt much of the erroneous Light, 
which otherwiſe would have diſturbed che Viſion. By com- 
paring it with a pretty good Perſpective of four Feet in 
1 att TED K - lengch, 
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length, made with 2 concave By&-Glaſs, I could read at 4 
greater diſtarice with, my own Inſtfument than with the 
Gtaſs. Vet Objects appeared'much-darker in it than in the 
Glaſs; and that partly t ecaufel inore Light was loſt. by re- 
flexion in the Metal, then by. veftadtion in the Glaſs, and 
partly becauſe my Inſttument was overcharged. Had it 
magnified but 30 or 25 times #&would have made the Object 
appear more brisk and pleaſant. Two of theſeImade about 
16 Vears ago; and have one of them ſtill by me by which 
I can prove the truth of what I write. Vet it is not ſo good 
as at the firſt. For the concave has been divers times tar- 
niſhed: and cleared again, by rubbing it with very ſoft Bea. 
ther. When I made theſe, an Artiſt in Londen undertook 
to imitate it; but: uſing anothel Way of poliſhing: them 
than I did, he fell much ſhort ef what I had attained te, 
as I aſterwards underſtood by: diſcourſing the under- Work- 
man he had imployed. The PoliſhT uſed. was on this man- 
ner. I had two round Copper Plates each ſix Inches in 
Diameter, the one convex the other concave, ground ve- 
ry true to one another. On the convex I ground the Ob- 
ject-Metal or concave which was to be poliſh'd, till it had 
taken the Figure of the convex and was ready for a Poliſh: 
Then I pitched over the convex very thinly, by dropping 
melted pitch upon it and warming it to keep the pitch 
ſoft, whilſt ground it with the concave Copper wetted to 
make it ſpread evenly all over the convex. Thus by work- 
ing it well I made it as thin as a Groat, and after the con- 
vex was cold I ground it again to give it as true a Figure as 
I could. Then I. took Putty which. I had made very fine 
by waſhing it from all its groſſer Particles, and laying à lit- 

tle of this upon the pitch, I ground it upon the Pitch with 
the concave Copper till it Rad done making a noiſe ; and 
chen upon the-Piceh LgroundilivObject-Meral with a brick 
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Motion, for about two or three Minutes of time, leaning 


hard pon it. Then I pur freſh Putty upon the Pitch and 
ground it again till it had done making a noiſe, and after- 


wards ground the Object Metal upon it as before. And 
this Work I repeated till the Metal was poliſhed, grinding 
it the laſt time with all my ſtrength for a good while toge- 
ther, and frequently breathing upon the; Pitch to keep it 
moiſt without laying on any more freſn Putty. The Ob- 
ject / Metal was two Inches broad and abeut one third part 
of an Inch thick, to keep it from bending. I had two of 
theſe Metals, and when J had: poliſhed. them both I tried 
which was beſt, and ground the other again to ſee if I could 
make it better than that which I kept. And thus by many 
Trials I learnt the way. of poliſhing, till I made thoſe two 
reflecting Peſpectives I ſpake of above. For this Art of 
poliſhing will be better learnt: by repeated Practice than by 
my deſcription. Before I ground the. Object Metal on the 
Pitch, I always ground the Putty on it with the. concave 
Copper till it had done making a noiſe, becauſe if the Par- 
ticles of the Putty were not by this means made to ſtick 
faſt in the Pitch, they would by rolling up and down grate 
and fret the Object Metal and fill it fal of little holes. _ 
But becauſe Metal is more difficult to poliſh than Glaſs 
and is afterwards very apt to be ſpoiled by tarniſhing, and 
reflects not ſo much Light as Glaſs quick- ſilvered over does: 
I would propound to uſe inſtead of the Metal, a Glaſs ground 
concave on the foreſide, and as much convex on the bacx- 
ſide, and quick- ſilvered over on the convex fide. The Glaſs 
muſt be every where of the ſame thickneſs exactly. Other- 
wiſe it will make Objects look coloured and indiſtinct. By 
ſuch a Glaſs I tried about five or fix Years ago to make 
a:reflecting Teleſcope of four Feet in length to magnify a- 
bout 150 times, and I ſatisfied my ſelf that there wants no- 


thing 


0783 
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ching but a good Artiſt to bring the deſign to Perfection. 
For the Gl being wrought by one of our London Artiſts 
after ſuch a manner as they grind: Glaſſes for Teleſcopes, 
tho it ſeemed as well wrought as the Object Glaſſes uſe to 
be, yet when it was quick-ſilvered, the reflexion diſcovered 
Inaumerable Inequalities all over the Glaſs. And by reaſon 
of cheſe Inequalities, Objects appeared indiſtinct in this In- 
ſtrument. For the Errors of reflected Rays cauſed by any 
Inequality of the Glaſs, are about fix times greater than the 
Errors of refracted yy cauſed by che like Inequalities. Vet 
by this Experiment I ſatisfied my ſelf chat the reflexion on 
the concave ſide of the Glaſs, which Þ feared would diſturb 
the viſion, did no ſenſible prejudice to ir, and by conſequence 
chat nothing is wanting to bowl theſe I eleſcopes, bit. 
good Workmen who can grind and poliſh Glaſſes truly ſphe- 
rical. An Object-Glaſs of a fourteen Foot Teleſcope, made 
by one of our London Artificers, I once mended confidera- 
bly, by Joes | it on Pitch with Putty, and leaning ve- 
ry _ on it in the grinding, left the Putty ſhould ſcratch 
it. Whether this way may not do well enough for poliſh- 
ing theſe reflecting Glaſſes, I have not yet tried. But he 
that fhall try either this or any other way of poliſhing which 
3 think _ 2 do well to — his Glaſſes rea- 
dy tor poliſhing by grinding them without that violence, 
ala our ont Workvicn prels their Glafles in grind- 
ing. For by ſuch violent preffure, Glaſſes are apt to bend 
a little in the grinding, and ſuchbending will certainly ſpoil 
their Figure. To recommend therefore the confideration 
of theſe reflecting Glafles, to ſuch Artiſts as are curious in 
figuring Glaſſes, I ſhall deſcribe this Optical Inſtrument in 
the following Propoſition © 5 
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T ET ABDC repreſchs a Glaſs ſpherically concave on 
che foreſide AB} and as much convex on the back- 
de OD, ſo that it be every where of an equal thickneſs. Let 
it not be thicker on one ſide thin on the other, left it make 
Objects appear coloured and indiſtinct, and let it be very 
truly wrought and quick-ſilvered over on the backſide ; and 
fee in the Tube XV. which muſt be very black within. 
Eet ERG repreſent a Ptiſm of Glaſs or Ctyſtal placed near 
the orher end of the Tube; in the middle of it, by means of 


flat it is cemented. Let this Priſm be rectangular at E, and 
let the other two Angles ati and G be accurately equal to 
each other, and by conſequence equal to half right ones, and 

let the plane fides FE and GE be ſquare, and by confe- 


meager fide FG a rectangular parallelogram, whoſe 


length is to its breath in a fubduplicate proportion of to 
to one, Let it be fo 2 im the Tube, that the Axis of 
fide EF perpendicularly, and by confequence through the 
middle of the fide F G at an Angle of 45 degrees, and let the 
fide EF be turned towards tlie Speculum, and the diſtance 


a handle of Braſs or- lron GK, L to the end of which made 


Fig. 29. 


through ehe middle of the ſquare 


of chis priſm from the Speculum be fuch ehr the Rays of he 


Lines Parallel to the Aus cherepf may enter the Priſm ar 


the fide EE, and be reflected by the ſide R G, and thenee 


go out of it through tlie ſide GE, to the point T which 


muſt be the common Focus of the Speculnm ABD C, and of 
2 Plano- convex Eye-Glaſs H, through which thoſe Rays 
muft paſs to the Eye. And let the Rays at their coming 


Ouc 


Rs, &c. which are incident upon the Speculum in 
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out of the Glaſs paſs through a ſmall round hole, or aper- 
ture made in a little Plate of Lead, Braſs, or Silver, where- 


with the Glaſs is to be covered, which hole muſt be no 


bigger than is neceſlary for light enough to paſs through. 
For ſo it will render the Object diſtinct, che Plate in which 
tis made intercepting all the erroneous part of the Light 
which comes from the Mg of the Speculum AB. Such 


an Inſtrument well made if it be 6 Foot long, (reckoning 


the length from the Speculum to the Priſm, and thence to 
the Focus T) will bear an aperture of 6 Inches at the Spe- 


culum, and magnify between two and three hundred times. 


But the hole H here limits the aperture with more advan- 
tage, then if the aperture was placed at the Speculum. If 
che Inſtrument be made longer or ſhorter, the aperture muſt 
be in proportion as the Cube of the ſquare Root of the 
length, and the magnifying as the aperture. But its con- 
venient that the Speculum be an Inch or two broader than 
the aperture at the leaſt, and that the Glaſs of the Speculum 


be thick, that it bend not in the working. The Priſm EFG 


muſt be no bigger than is neceſſary, and its back ſide FG 


In this Inſtrument the 3 will be inverted, but may 


be erected by making the ſquare ſides EF and EG of the 3 
| Priſm EEG not plane but ſpherically convex, that the Rays 


may croſs as well before they come at it as afterwards be- 
tween it and the Eye-Glaſs. If it be deſired that the Inſtru- 


ment bear a larger aperture, that may be alſo done by com- 


2 the Speculum of two Glaſſes with Water between 
em. WC 


THE 


muſt not be quick- ſilvered over. For without quick-filver 
it will reflect all the Light incident on it from the Speculum. 
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PROP. . THEOR. I. 


T he en of Colours in refraded or reflected Light 
are not cauſed by new modi fications of the Light var 2 - 
impreſt, according to the various terminations - ors t 


Len and Shadow. 
The Proof by E periments. 
E XP ER. I. 


OR if the Sun ſhine into a very dark Chamber Fig. 1. 
through an oblong Hole F, whoſe breadth is the * 
ixth or eighth part of an Inch, or ſomething leſs ; and 
his Beam FH do afterwards paſs firſt through a very 
a Priſm ABC, diſtant about 20 Feet from the 
6 1 Hole, 


3 T8249 = 2 
Hole, and parallel to it, and then (with its white part) 
through an oblong Hole H, whoſe breadth is about 
the fortieth or fixtieth part of an Inch, and which is 
made in a black on” Body GI, and placed at the 
diſtance of te or three Feet from the Priſm, in a pa- 
rallel ſituation both to the Priſm and to the former 
Hole, and if this white Light thus tranſmitted through 
the Hole H, fall afterwards upon a white Paper pt, 
placed after that Hole H, at the diſtance of three or 
four Feet from it, and there paint the uſual Colours of 
the Priſm, ſuppoſe red at t, yellow at s, green at r, 
blue at q, and violet atp ; you may with an iron Wire, 
or any ſuch like ſlender opake Body, whole breadth is 
about the tenth part of an Inch, by intercepting the rays 
atk, 1, m, noro, take away any one of the Colours 
at t, s, r, q or p, whilft the other Colours remain up- 
on the Paper as before; or with an obſtacle ſomething 
igger yo take away any two, or three, or four Co- 
— dere e eee 50 that any one of 
the Colours as well as violet may become outmoſt in 
the confine of the ſhadow towards p, and any one of 
them as well as red may become outmoſt in the confine 
of the ſhadow towards, and any one of them may alſo 
border upon the ſhadow made within the Colours by 
the obſtacle R intercepting ſome intermediate part of 
the Light ; and, laſtly, any one of them by« being 
left alone may border upon the ſhadow on either -hand. 
All the Colours have themſelves indifferently to any 
confines of ſhadow, and therefore the differences of thefe 
Colours from one another, do not ariſe from the diffe- 
rent confines of ſhadow, whereby Light is variouſly 


modified as has hitherto been the Opinion of Philoſo- 
e ä 


5 083 
phers. In trying theſe things tis to be obſerved, that 
vi 5 Holes F and H are narrower, and the 
intervals between them, and the Priſm greater, and the 
Chamber darker, by fo much the better doth the Ex- 
periment ſucceed ; provided the Light be not ſo far 
diminiſhed, but that the Colours at pt be ſufficiently 
viſible. To procure a Priſm of ſolid Glaſs large enough 
for this Expertment will be difficult, and therefore a 
priſmatick Veſſel muſt be made of poliſhed Glaſs-plates 
cemented together, and filled with Water. 


„„ 


The Sun's Light let into a dark Chamber through Fig. 2. 

the round Hole F, half an Inch wide, paſſed firſt through 

the Priſm A BC placed at the Hole, and then through 

a Lens PT ſomething more than four Inches broad, and 
about eight Feet diſtant from the Priſm, and thence con- 

verged to O the Focus of the Lens diſtant from it about 

three Feet, and there fell upon a white Paper DE. If 

that Paper was perpendicular to that Light incident up- 

on it, as tis repreſented in the poſture DE, all the Co- 
lours upon it at O appeared white. But if the Paper 
being turned about an Axis parallel to the Priſm, be- 
came very much inclined to the Light as 'tis repreſen - 

ted in the pofitions de and %,; the ſame Light in the 
one caſe appeared yellow and red, in the other blue. 
Here one and the ſame part of the Light in one and the 
fame place, according to the various inclinations of the 
Paper, appeared in one caſe white, in another yellow 
or red, in a third blue, whilſt the confine of Light and 
on, > 3 Shadow, 


RN * 1 n * * * =T 4 a 2 2 a. * * . £4 Fe) Ya en „ * * * * * 4 nn * C Ty Fg "1 "Ie * j % 2 3% i ry af * 7 LY 4 * * * . * 1 
r XR. 5 * n N * W ET 0 1 
” MAY" KP EY * "5% * LIN ms. K 
* . 


Shadow, and the refractions of the Priſm in all. theſe 
_ caſes remained the fame. een ee 


Td X PER. [ III. | 


Such another Experiment may be more eaſily tried 
as follows. Let a broad beam of the Sun's Light coming 
into a dark Chamber through a Hole in the Window 
ſhut be refracted by a large Priſm ABC, whoſe re- 

fracting Angle C is more than 60 degrees, and ſo ſoon 
as it comes out of the Priſm let it fall upon the white 
Paper DE glewed upon a ſtiff plane, and this Light, 
when the Paper is perpendicular to it, as tis repreſen- 
ted in DE, will appear perfectly white upon the Paper, 
but when the Paper is very much inclined to it in ſuch 
a manner as to keep always parallel to the Axis of the 
Prifm, the whiteneſs of the whole Light upon the 
Paper will according to. the inclination of the Paper 
this way, or that way, change either into yellow and 
red, as in the poſture de, or into blue and violet, as 
in the poſture . And if the Light before it fall upon 
the Paper be twice refracted the ſame way by two pa- 
rallelł Priſms, theſe Colours will become the more con- 
ſpicuous. Here all the middle parts of the broad beam 
of white Light which fell upon the Paper, did without. 
any confine of ſhadow to modify it, become coloured: 
all over with one uniform Colour, the Colour being al- 
ways the fame in the middle of the Paper as at the 
edges, and: this Colour changed according the various. 
obliquity of the reflecting Paper, without any change 
m the refractions or ſhadow, or in the Light which 
fell upon the Paper. And therefore theſe Colours are 
a | : . 


— 
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to be derived from ſome other cauſe than the new mo- 
difications of Light by refractions and ſnadows. 
lf it be asked, What then is their cauſe ? J anſwer, 

That the Paper in the poſture de, being more ob- 
lique to the more refrangible rays than to the leſs re- 
frangible ones, is more ſtrongly illuminated by the lat- 
ter than by the former, and therefore the leſs refran- 
gible rays are predominant in the reflected Light. And 
wherever they are predominant in any Light they tinge 
it with red or yellow, as may in ſome meaſure appear by 
the firſt Propoſition of the firſt Book, and will more fully 
appear hereafter. And the contrary happens in the 
poſture of the Paper +, the more refrangible rays be- 
ing then predominant which always tinge Light with 


blues and violets. 


The Colours of Bubbles with which Children play 


are various, and change their ſituation variouſly, with- 
out any reſpect to any confine. of ſhadow. If ſuch a 
Bubble be covered with a concave Glaſs, to keep it from 
being agitated by any wind or motion of the Air, the 
Colours will lowly and regularly change their fitua- 
tion; even whilſt the Eye, and the. Bubble, and all Bo- 
dies which- emit any Light, or caſt. any. ſhadow, re- 
main unmoved: And therefore their Colours ariſe from 
fome regular cauſe which depends not on any confine of 
re ug What this cauſe is. will.be ſhewed.1n the next 
—:! ß e 


To 
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Io theſe Experiments may be added the tenth Ex- 
periment of the firft Book, where the Sun's Light in a 
dark Room being trayected through the parallel fa ork. 
cies of two Priſms tied together in the form of a Paral- 
lelopide, became totally of one uniform yellow or red 
Colour, at its emerging out of the Priſms. Here, in 
the production of thefe Colours, the confine of fſhatow - 
can have nothing to do. For the Light changes from 
white to yellow,orange and red ſucceſfively, without any 
alteration of the confine of ſhadow: And at both edges of 
the emerging Light where the contrary confines of ſha- 
dow ought to produce different effects, the Colour is 
one and the ſame, whether it be white, yellow, orange 
of red : And iti the middle of the emerging Light, 
where there is no confine of ſhadow at all, the Colour 
is the very ſame as at the edges, the whole Light at its 
very firſt emergence being of one uniform Colour, whe- 
ther white, yellow, orange or red, and going on thence 
Perp etually without any change of Colour, ſuch as the 
confine of thadow is vulgarly ſappoſed to work in re- 
fracted Light after its emergence. Neither can theſe 
Colours ariſe from any new modifications of the Light 

by refructions, becaute they change ſucceſſively from 
white to yellow, orange and red, while the refractions 
remain the fame, and alſo becaufe the refractions are 
made conttary ways by parallel ſuperficies which de- 
ſtroy one anothers effects. They ariſe not therefore 


from any modifications of Light made by refractions 


and ſhadows, but have ſome other cauſe. What that 
cauſe is we ſhewed above in this tenth Experiment, 
and need not here repeat 1t. 


There | 


"FJ 

There 1s yet another material circumſtance of this 
Experiment. For this 1 Light bei 
Priſm HI K refracted towards 
painting the uſual Colours of the Priſm, red, yellow, 
green, blue, violet: If theſe Colours aroſe from the 
refractions of that Priſm modifying the Light, they 
wonld not be in the Light before its incidence on that 
Priſm. And yet in that Experiment we found that 
when by turning the two firſt Priſms about their com- 
mon Axis all the Colours were made to vaniſh but the 
red; the Light which makes that red being left alone, 
appeared of the . ſame red Colour before its inci- 
dence on the third Priſm. And in general we find by 
other Experiments that when the rays which differ in 
refrangibility are ſeparated from one another, and any 
one ſort of them is conſidered apart, the Colour of the 
Light which they compoſe cannot be changed by any 
refraction or reflexion whatever, as it ought to be were 
Colours nothing elſe than modifications of Light cauſed 
by refractions, and reflexions, and ſhadows. This un- 
changeableneſs of Colour I am now to deſcribe in the 
following Propoſition. He 


All homogeneal Light has its proper Colour anſwering to 
its degree of refrangibility, and that Colour cannot be 
changed by reflexions and refractions. 


In the Experiments of the 4th Propoſition of the firſt 
Book, when I had ſeparated the heterogeneous rays 
from one another, the Spectrum pt formed by the ſepa- 

rated 


being by à third Fig. 22. 
Paper P T. and there Part 1. 


—_— 
rated rays, did in the [progreſs from its end p, on which 
the moſt refrangible rays fell, unto its other endet, on 
which the leaſt refrangible rays fell, appear tinged with 
this Series of Colours, violet, indico, blue, green, yel- 


low, orange, red, together with all their intermediate 
degrees in a continual ſucceſſion Sennen varying: 
So that there appeared as many degrees of Colours, as 
there were ſorts of rays differing in refrangibility. 


EXPER. V. 


Nov that theſe Colours could not be changed by re- 
fraction, I knew by refracting with a Priſm ſometimes 

one very little part of this Light, ſometimes another 

very little part, as is deſcribed in the 12th Experiment 
of the firſt Book. For by this refraction the Colour of 
the Light was never changed in the leaſt. If any part 
of the red Light was refracted, it remained totally of 
the ſame red Colour as before. No orange, no yel- 
low, no. green, or blue, no other new Colour was pro- 
duced by that refraction. Neither did the Colour any 
ways change by repeated refractions, but continued al- 
ways the ſame red entirely as at firſt. The like con- 
ſtancy and immutability 1 found alſo in the blue, green, 
and other Colours. So alſo if I looked through a Priſm 
upon any body illuminated with any part of this homo- 
aeneal Light, as in the 14th Experiment of the firſt 
Book 1s deſcribed ; 1 could not perceive any new Co- 
Jour'generated this way. All Bodies illuminated with 
compound Light appear through Priſms confuſed (as 
was ſaid above) and tinged with various new Colours, 
but thoſe illuminated with homogeneal Light appeared 


through 
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through Priſms neither leſs diſtin&, nor otherwiſe co- 
loured, than when viewed with the naked Eyes. Their 
Colours were not in the leaſt changed by the refraction 
of the interpoſed Priſm. I ſpeak here of a ſenſible 
change of Colour: For the Light which I here call ho- 
mogeneal, being not abſolutely homogeneal, there ought 
to ariſe ſome little change of Colour from its heteroge- 
neity. But if that heterogeneity was ſo little as it might 
be made, by the ſaid Experiments of the fourth Propo- 
ſition, that change was not ſenſible, and therefore, in 
Experiments where ſenſe is judge, ought to be accoun- 
ted none at all. N 


e ML 

And as theſe Colours were not changeable by refra- 
Aions, ſo neither were they by reflexions. For all 
white, grey, red. yellow, green, blue, violet Bodies, as 
Paper, Aſhes, red Lead, Orpiment, Indico, Biſe, Gold, 
Silver, Copper, Graſs, blue Flowers, Violets, Bubbles 
of Water tinged with various Colours, Peacock's Fea- 
thers, the tincture of Lignum Nepbriticum, and ſuch 
like, in red homogeneal Light appeared totally red, in 
blue Light totally blue, in green Light totally green, 
and ſo of other Colours. In the homogeneal Licht of 
of any Colour they all appeared totally of that ſame 
Colour, with this only difference, that ſome of them 
reflected that Light more ſtrongly, others more faintly. 
never yet found any Body which by reflecting homo- 
geneal Light cou id ſenſibly change its Colour. 


( = From 


a 9 


From all which it is manifeſt; that if the Sun's Light 
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conſiſted of but one ſort of rays, there would be but 
one Colour in the whole World, nor would it be poſ- 
ſible to produce any new Colour by reſlexions and re- 
fractions, and by conſequence that the variety of Co- 
lours depends upon the compolition of Light. 


D EFTNTT TON. 


The homogeneal light and rays which appear red, 
or rather make Objects appear fo, I call rubrific 
or red-makng ; thoſe which make Objects appear 
yellow, green, blue and violet, I call yellow-ma- 
Like green making blue-making, violet-making, 
and ſo of the reſt. And if at any time I fpeak of 
light and rays as coloured or endued with Co- 
lours, I would be underſtood to ſpeak not philo- 
ſiophically and properly, but groſly, and accor- 
ding to aer as vulgar People in ſee- 
ing all theſe Experiments would be apt to frame. 
1 For the rays to ſpeak properly are not coloured. 
i! In them there is nothing elſe than a certain power 
4H and diſpoſition to ſtir up a ſenſation of this or that 
Colour. For as ſound ina Bell or muſical String, 
or other founding Body, is nothing but a trem- 
bling Motion, and in the Air nothing but that 
Motion propagated from the Object, and in the 


=. \._ ._ Senſorium tis a ſenſe of that Motion under the 
| form of ſound ; fo Colours in the Object are no- 
| | thing but a diſpofition to reflect this or that ſort 
j of rays more copioully than the reſt ; in the rays 
| they are nothing but their diſpoſitions to propa- 

gate 
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gate this or that Motion into the Senſorium, and 
in the Senſorium they are ſenſations of thoſe Mo- 
tions under the forms of Colours. 


RO P. III. PROB: 1. 


To define the refrangibility of the ſeveral forts of homo- 
geneal Laght anſwering to the ſeveral Colours. 


For determining this Problem 1 made the following 
Experiment. | 


EXPER. VII. 


f When I had cauſed the jechilinenr line ſides AF, GM, Fig. 4. 


of the Spectrum of Colours made by the Priſm to be 
diſtinctly defined, as in the fifth Experiment of the 
firſt Book is deſcribed, there were found in it all the 
homogeneal Colours in the ſame order and ſituation 
one among another as in the Spectrum of ſimple Light, 
deſcribed in the fourth Experiment of that Book. For 
the Circles of which the Spectrum of compound Light 
PT 1s compoſed, and which in the middle parts of 
the Spectrum interfere and are intermixt with one ano- 
ther, are not intermixt in their outmoſt parts where 
they touch thoſe rectilinear fides AF and GM. And 
therefore in thoſe rectilinear ſides when diſtinctly defi- 
ned, there is no new Colour generated by refraction. I 
obſerved alſo, that if any where between the two out- 
moſt Circles IMF and PGA a right line, as ys, was 
| crols to the Spectrum, ſo as at both ends to fall per- 
pendicularly upon its W + ſides, there appeared 
FT Ma one 


b done and the ſame Colour and degree of Colour from one 
end of this line to the other. I delineated therefore in 
| a Paper the perimeter of the Spectrum FAPGM T 
rr. and in trying the third Experiment of the firſt Book, I 
| held the Paper ſo that the Spectrum might fall upon 
this delineated Figure, and agree with it exactly, whilſt 
an Aſſiſtant whoſe Eyes for diſtinguiſhing Colours were 
more critical than mine, did by right lines 48, 5% , Cc. 
drawn croſs the Spectrum, note the confines of the Co- 
tours: that is of the red Mag F of the orange « 2%, of 
the yellow 7 S, of the green , of the blue 14, 
of the indico NHR and of the violet GAH. And 
this operation being divers times repeated both in the 
fame and in ſeveral Papers, I found that the Ob- 
ſervations agreed well enough with one another, and 
that the rectilinear ſides M G and F A were by the ſaid 
eroſs lines divided after the manner of a mufical Chord. 
Let GM be produced to X, that MX a be equal 
to & M, and conceive G X, X, X. VX, X, „X. àX, 
MX, to be in proportion to one another, as the num- 
bers 155 3 7 5 77 2 5 18 5 25 and ſo: EO repreſent the 
Chords of the Key, and of a Tone, a third Minor, a 
fourth, a fifth, a ſixth Major, a ſeventh, and an eighth: 
above that Key: And the intervals Ma, 2% % . 
, and > G, will be the ſpaces which the ſeveral Co- 
lours (red, orange, yellow, green, blue, indieo, violet) 
Now theſe intervals or ſpaces ſubtending-the diffe- 
rences of the refractions of the rays going to the limits; 
of thoſe Colours, that is, to the points M, a, , % 1, 1, >, G, 
may without any ſenſible Error be accounted propor- 
tional to the differences of the ſines of refraction of thoſe 
rays 
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rays having one common fine of incidence, and there- 
fore fince the common fine of incidence of the moſt and 
leaſt refrangible rays out of Glaſs into Air was, (by a 
method deſcribed above) found in proportion to their 
fines of refraction, as 5o to 77 and 78, divide the dif- 
ference between the fines of refraction 77 and 78, as the 
line G M is divided by thoſe intervals, you will have 
77 7s» 7762 7H» 17%» 774» 7%, 785 the fines of 
refraction of thoſe rays. out of Glaſs into Air, their 
common fine of incidenee being 50. So then the ſines 
of the incidences of all the red-making rays: out of 
Glaſs into Air, were to the fines of their refraCtions, 
not greater than 50 to 77, nor leſs than-5o to 77% but 
varied from one another according to all interme- 
diate Proportions. And the fines of the incidences 
of the green-making rays were to the fines of 
their refractions in all proportions from that of 50 
to 77-, unto that of 30 to 77;.. And by the like limits 
above-mentioned. were the refractions of the rays be- 
longing to the reſt of the Colours defined, the fines of. 
the red-making,rays extending from 77. to 777, thoſe: 
of the orange-making from 773 to 77; » thole of the yel- 
low-making from 77: to 77 5, thoſe of the green-making 
from 777 to 77, thole of the blue-making from 77+ to 
7755 thoſe of the indico-making from 77: to 77, and 
thoſe of the violet from 777 to 78. 8 
Izahheſe are the Laws of the refractions made out of 
Glaſs into Air, and thence by the three Axioms of the 
firſt Book the Laws of the refractions made out of Air 
into Glaſs are eaſily derived. 


EXPER. 
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1 Þ found moreover that when Light goes out of Air 
through ſeveral contiguous refracting Mediums as 
through Water and Glaſs, and thence goes out again 
into Air, whether the refracting ſuperficies be parallel 
or inclined to one another, that Light as often as by 
contrary refractions tis ſo corrected, that it emergeth 
in lines parallel to thoſe in which it was incident, 
continues ever after to be white. But if the emer- 
gent rays be inclined to the incident, the whiteneſs of 
the emerging Light will by degrees in paſſing on from 
the place of emergence, become tinged in its edges with 
Colours. This I tryed by refracting Light with Priſms 
of Glaſs within a priſmatick Veſſel of Water. Now thoſe 
Colours argue a diverging and ſeparation of the hetero- 
geneous rays from one another by means of their un- 
equal refractions, as in what follows will more fully 
appear. And, on the contrary, the permanent white- 
nels argues, that in like incidences of the rays there is 
no ſuch ſeparation of the emerging rays, and by conſe- 
quence no inequality of their whole refractions. Whence 
J ſeem to gether the two following Theorem. 


1. The Exceſſes of the ſines of refraction of ſeveral 
ſorts of rays above their common fine of incidence when 
the refractions are made out of divers denſer mediums 
immediately into one and the ſame rarer medium, are 
to one another in a given Proportion. 83 


2. The 
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2. The Proportion of the fine of incidence to the fine 
of refraction of one and the ſame ſort of rays out of one 
medium into another, is compoſed of the Frofiortich of 
the ſine of incidence to the ſinè of refraction out of the 
firſt medium into any third medium, and of: the Pro- 

rtion of the fine of incidence to the fine of refraction 
out of that third medium into the ſecond medium. 


By the firſt Theorem the refractions of the rays of 
every ſort made out of any medium into Air are known 
by having the refraction of the rays of any one ſort. As 
for inſtance, if the refractions of the rays of every ſort 
out of Rain- water into Air be deſired, let the common 
ſine of incidence out of Glaſs into Air be ſubducted 
from the fines of refraction, and the Exceſſes will be 
| 27, 277» 27> ” 27; 7 27; , 275 5 2755 28. Suppoſe now 
that the ſine of incidence of the leaſt refrangible rays be 

to their fine of refraction out of Rain- water into Air as 
three to four, and ſay as 1 the difference of thoſe fines 
is to 3 the fine of incidence, ſo is 27 the leaſt of the 
Exceſſes above-mentioned to a fourth number 81 ; and 
$1 will be the common fign of incidence out of Rain- 
water into Air, to which fine if you add all the above- 
mentioned Exceſſes you will have the defired fines of 
the refractions 108, 10886, 1085, 1083, 108+, 1083, 
I O82 » 109. ; 


* 


By the latter Theorem the refraction out of one me- 
dium into another is gathered as often as you have 
the refractions out of them both into any third medium. 
As if the ſine of incidence of any ray out of Glaſs into 
Air be to its fine of refraction as 20 to 31, and the fine 
of incidence of the ſame ray out of Air into Water, be 

$5 tro 
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to its ſine of refraction as four to three; the fine of 
incidence of that ray out of Glaſs into Water will be to 
its fine of refraction as 20 to 31 and 4 to 3 joyntly, that 
is, as the Factum of 20 and 4 to the Factum of 31 and 
3; or as 80 to 93. r Bick Vit On riinboor ts 

And theſe Theorems being admitted into Opticks, 
there would be ſcope enough of handling that Science 
voluminouſly after a new manner; not only by teaching 
thoſe things which tend to the perfection of viſion, but 
alſo by determining mathematically all kinds of Phæno- 
mena of Colours which could be produced by refra- 
ctions. For to do this, there is nothing elſe requiſite 
than to find out the ſeparations of heterogeneous rays, 
and their various mixtures and proportions in every 
mixture. By this way of arguing. I invented almoſt 

all the Phænomena deſcribed in theſe Books, beſide ſome 
others leſs neceſſary to the Argument; and by the 
ſucceſſes I met with in the tryals, I dare promiſe, that 
to him who ſhall argue truly, and then try all things 
with good Glaſſes and ſufficient eircumſpection, the 
expected event will not be wanting. But he is firſt to 
know what Colours will ariſe from any others mixt in 
anyatligned Proportion... 


FRO P. IV. THEOR III. 
Colors ge prodited by compoſuion itich ſhall be lite 


to the Colours of homogeneal Light as to the appearance 

ef Colour, but not as to the immutability of Colour and 

© conſtitution of Laght. And thoſe Colours by bow much 
} they are. more compounded by Jo much are they leſs fall 
aud inteuſe, and by too much compoſition they _ 1 
1 dilute 
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diluted aud weakened. till they ceaſe. T here may be 
alſo Colours produced by compoſition, which are not fully 


like any of the Colours of bomogeneal Light. 


For a mixture of homogeneal red and yellow com- 
pounds an orange, like in appearance of Colour to that 
orange which in the ſeries of unmixed priſmatick Co- 
lours lies between them; but the Light of one orange 
is homogeneal as to refrangibility, that of the other is 
heterogeneal, and the Colour of the one, if viewed 
through a Priſm, remains unchanged, that of the other 
is changed and reſolved into its component Colours red 

and yellow. And after the ſame manner other neigh- 

bouring homogeneal Colours may compound new Go. 
lours, like the intermediate homogeneal ones, as yel- 
low and green, the Colour between them both, and af- 
terwards, if blue be added, there will be made a green 
the middle Colour of the three which enter the compo- 
fition. For the yellow and blue on either hand, if they are 
equal in quantity they draw the intermediate green equal- 
ly towards themſelves in compoſition, and ſo keep it as 
it were in equilibrio, that it verge not more to the 
yellow on the one hand, than to the blue on the other, 
but by their mixt actions remain ſtill a middle Colour. 
To this mixed green there may be further added 
ſome red and violet, and yet the green will not preſent- 
ly ceaſe but only grow leſs full and vivid, and by in- 
creaſing the red and violet it will grow more and more 
dilute, until by the prevalence of the added Colours it 
be overcome and turned into whiteneſs, or ſome other 
Colour. So if to the Colour of any homageneal Light, 
the Sun's white Light compoſed of all ſorts of rays be 
l 3 added, 
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to its fine of refraction as four to three; the fine of 
incidence of that ray out of Glaſs into Water will be to 
its fine of refraction as 20 to 31 and 4 to 3 joyntly, that 
is, as the Factum of 20 and 4 to the Factum of 31 and 
3, or as 80 to 93. D711 n t 
And theſe Theorems being admitted into Opticks, 
there would be ſcope enough of handling that Science 
voluminouſly after a new manner; not only by teaching 
thoſe things which tend to the perfection of viſion, but 
alſo by determining mathematically all kinds of Phæno- 
mena of Colours which could be produced by refra- 
ctions. For to do this, there is nothing elſe requiſite 
than to find out the ſeparations of heterogeneous rays, 
and their various mixtures and proportions in every 
mixture. By this way of arguing. invented almoſt 
all the Phznomena deſcribed in theſe Books, beſide ſome 
others leſs neceflary to the. Argument ; and by the 
ſucceſſes I met with in the tryals, I dare promiſe, that 
to him who-ſhall argue truly, and then try all things 
with good Glaſſes and ſufficient circumſpection, the 
expected event will not be wanting. But he is firſt to 
know what Colours will arife from any others mixt in 
aryatligned Proportion hits HU 97 t a50 
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Colours may be produced by _ /utton which ſhall be like 


to the Colours of homogeneal Lag ht as to the. appearance 
, -of Colour, but not as to the immutability of Colour and 
Conſtitution of Laght. And thoſe Colours by bow much 
"they are more compounded by jo much are they leſs full 
aud inteuſe, and by too much compaſition they = 1 
513 . dilute 
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diluted aud weakened. till they ceaſe. There may be 


alſo Colours produced by compoſition, which are not fy 
like any of the Colours of bomogeneal Light. 


For a mixture of homogeneal red and yellow com- 
pounds an orange, like in appearance of Colour to that 
orange which 1n the ſeries of unmixed priſmatick Co- 
lours lies between them; but the Light of one orange 
is homogeneal as to refrangibility, that of the other is 
heterogeneal, and the Colour of the one, if viewed 
through a Priſm, remains unchanged, that of the other 
is changed and reſolved into its component Colours red 
and yellow. And after the ſame manner other neigh- 
bouring homogeneal Colours may compound new Co- 
lours, like the intermediate homogeneal ones, as yel- 
low and green, the Colour between them both, 125 af- 
terwards, if blue be added, there will be made a green 
the middle Colour of the three which enter the compo- 
fition. For the yellow and blue on either hand, if they are 
equal in quantity they draw the intermediate green equal- 
ly towards themſelves in compoſition, and ſo keep it as 
it were in equilibrio, that it verge not more to the 
yellow on the one hand, than to the blue on the other, 
but by their mixt actions remain ſtill a middle Colour: 
To this mixed green there may be further added 
ſome red and violet, and yet the green will not preſent- 
ly ceaſe but only 97 ow leſs full and vivid, and by in- 
creaſing the red and violet it will grow more and more 
dilute, until by the prevalence of the added Colours it 
be overcome and turned into whiteneſs, or ſome other 
Colour. So if to the Colour of any bomogeneal Light, 
the Sun's white Light compoſed of all ſorts of rays be 
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added, that Colour will not vaniſh or change its ſpe- 
cies but be diluted, and by adding more and more white 
it will be diluted more and more perpetually. Laſt- 

ly, if red and violet be mingled, there will be generated 
according to their various Proportions various Purples, 
ſuch as are not like in appearance to the Colour of any 
homogeneal Light, and of theſe Purples mixt with yel- 
low and blue may be made other new Colours. 


oY 4 45; een 
WW hiteneſs and all grey Colours between white and Black, 


may be compounded of Colours, and the whitenefs of the 
Sun's Light is compounded. of all the primary Colours 


An te The Progf by Exper iments. 


EXPER IX 


Hg. 3. The Sun ſhining into a dark Chamber through a 
little round Hole in the Window ſhut, and his Light 
being there refracted by a Priſm to caſt his coloured 
| Image PT upon the oppofite Wall: 1 held a white Pa- 

| | per V to that Image in fuch manner that it might be 
illuminated by the coloured Light reflected from thence, 

and yet not intercept any part of that Light in its paſ- 

ſage from the Priſm to the Spectrum. And I found that 

when the Paper was held nearer to any Colour than to 
the reſt, it appeared of that Colour to which it ap- 
proached neareſt; but when it was equally or almoſt 


equally diſtant from all the Colours, ſo that it might 
be equally illuminated by them all it appeared white. 
And in this laſt ſituation of the Paper, if ſome Colours 
were intercepted, the Paper loſt its white Colour, and 
appeared of the Colour of the reſt of the Light which 
was not intercepted. So then the Paper was illuminated 
with Lights of various Colours, namely, red, yellow, 
green, blue and violet, and every part of the Light re- 
tained its proper Colour, until it was incident on the 
Paper, and became reflected thence to the Eye; ſo that 
if it had been either alone (the reſt of the Light being 

intercepted) or if it had abounded moſt and been pre- 

dominant in the Light reflected from the Paper, it would 
have tinged the Paper with its own Colour; and yet be- 
ing mixed with the reſt of the Colours in a due propor- 
tion, it made the Paper look white, and therefore by a 
compoſition with the reſt produced that Colour. The 
ſeveral parts of the coloured Light reflected from the 
Spectrum, whilft they are propagated from thence thro 
the Air, do perpetually retain their proper Colours, 
becauſe wherever they fall upon the Eyes of any Specta- 
tor, they make the ſeveral parts of the Spectrum to 


| appear under their proper Colours. , They retain there- 


fore their proper Colours when they fall upon the Pa- 
per V, and ſo by the confuſion and perfect mixture of 
thoſe Colours compound the whiteneſs of the Light 

reflected from thence. 


"EXPER. X. 


Let that Spectrum or ſolar Image PT fall now upon Fig. 6. 


the Lens MN above four Inches broad, and about fix 
N 2 Feet 
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Feet diſtant from the Priſm ABC, and fo figured that 
it may cauſe the coloured Light which divergeth from 
the Priſm to converge and meet again at its Focus G, 
about ſix or eight Feet diſtant from the Lens, and 
there to fall perpendicularly upon a white Paper DE. 
And if you move this Paper to and fro, you will per- 
ceive that near the Lens, as at de, the whole ſolar Image 
(ſuppoſe at pt) will appear upon it intenſly coloured 
after the manner above- explained, and that by receding 
from the Lens thoſe Colours will perpetually come to- 
wards one another, and by mixing more and more di- 
lute one another continually, until at length the Paper 
come to the Focus G, where by a perfect mixture they 
will wholly vaniſh and be converted into whiteneſs, the 
whole Light appearing now upon the Paper like a little 
white Circle. And afterwards by receding further from 
the Lens, the rays which before converged will now 
croſs one another in the Focus G, and diverge from 
thence, and thereby make the Colours to appear again, 
but yet 1n a contrary order; ſuppoſe at , where the 
red t is now above which before was below, and the 
violet p is below which before was above. 6 
Let us now ſtop the Paper at the Focus G where 
the Light appears totally white and circular, and let us 
conſider its whiteneſs. I ſay, that this is compoſed of 
the converging Colours. For if any of thoſe Colours 
be intercepted at the Lens, the whiteneſs will ceaſe and 
degenerate into that Colour which ariſeth from the 
compoſition of the other Colours which are not inter- 
_ . cepted. And then if the intercepted Colours be let 
_ paſs and fall upon that compound Colour, they mix 
with 1t, and by their mixture reſtore the whiteneſs. 


80 
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So if the violet, blue and green be intercepted, the re- 
maining yellow, orange and red will compound upon 
the Paper an orange, and then if the intercepted Co- 
lours be let paſs they will fall upon this compounded 
orange, and together with it decompound a white. So 
allo if the red and violet be intercepted, the remaining 
yellow, green and blue, will compound a green upon 
the Paper, and then the red and violet being let paſs 
will fall upon this green, and together with it decom- 
pound a white. And that in this compoſition of white 
the ſeveral rays do not ſuffer any change in their colori- 
hc qualities by acting upon one another, but are only 
mixed, and by a mixture of their Colours produce 
white, may further appear by theſe Arguments. 

If the Paper be placed beyond the Focus G, ſuppoſe 
at , and then the red Colour at the Lens be alternate- 
ly intercepted, and let paſs again, the violet Colour on 
the Paper will not ſuffer any change thereby, as it ought 
to do if the ſeveral ſorts of rays acted upon one another 
in the Focus G, where they croſs. Neither will the 
red upon the Paper be changed by any alternate ſtop- 
ping, and letting paſs the violet which croſſeth it. 

And if the Paper be placed at the Focus &, and the 
white round Image at G be viewed through the Priſm 
H IK, and by the refraction of that Priſm be tranſlated 
to the place rv, and there appear tinged with various 
Colours, namely, the violet at v and red at r, and 
others between, and then the red Colour at the Lens be 

often ſtopt and let paſs by turns, the red at r will ac 
cordingly diſappear and return as often, but the violet 
at v will not thereby ſuffer any change. And ſo by 
ſtopping and letting paſs alternately the blue 1 the 
3 ens, 
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Lens, the blue at r will accordingly diſappear and re- 
turn, without any change made in the red at r. The 
red therefore depends on one ſort of rays, and the blue 
on another ſort, which in the Focus G where they are 
commixt do not a& on one another. And there 1s the 
| ſame reaſon of the other Colours. 1 9 7 

I conſidered further, that when the moſt refrangible 
rays Pp, and the leaſt refrangible ones Tt, are by con- 
verging inclined to one another, the Paper, if held very 
oblique to thoſe rays in the Focus G, might reflect one 
ſort of them more copiouſly than the other fort, and by 
that means the reflected Light would be tinged in that 
Focus with the Colour of the predominant rays, pro- 
vided thoſe rays feverally retained their Colours or co- 
lorific qualities in the compoſition of white made by 
them in that Focus. But if they did not. retain them 
in that white, but became all of them ſeverally endued 
there with a diſpoſition to ſtrike the ſenſe with the per- 
ception of white, then they could never loſe their white- 
nels by ſuch reffexions. I inclined therefore the Paper 
to the rays very obliquely, as in the ſecond Experiment 
of this Book, that the moſt refrangible rays might be 
more copioufly reflected than the reſt, and the white- 
neſs at length changed ſucceſſively into blue, indico 
and violet. Then I inclined it the contrary way, that 
the moſt refrangible rays might be more copious in the 
reflected Light than the reft, and the whiteneſs turned 
ſucceffively to yellow, orange and red. £ 
Laſtly, I made an Inftrument XY in faſhion of a 
Comb, whoſe Teeth being in number fixteen were 
about an Inch and an half broad, and the intervals of the 
Teeth about two Inches wide. Then by interpofing 
ſuc⸗ 
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ſucceſſively the Teeth of this Inſtrument near the Lens, 
[ intercepted part of the Colours by the interpoſed 
Tooth, whilſt the reft of them went on through the in- 
terval of the Teeth to the Paper DE, and there pain- 
ted a round ſolar Image. But the Paper I had firſt pla- 
ced fo, that the Image might appear white as often 
as the Comb was taken away; and then the Comb be- 
ing as was ſaid interpdſed, that whiteneſs by reaſon of 
the intercepted part of the Colours at the Lens did al- 
ways change into the Colour compounded of thofe 
Colours which were not intercepted, and that Colour 
was by the motion of the Comb perpetually varied ſo, 
that in the paſſing of every Tooth over the Lens all 
theſe Colours red, yellow, green, blue and purple, did 
always ſucceed one another. I cauſed therefore all the 
Teeth to paſs ſucceſſively over the Lens, and when the 
motion was flow, there appeared a perpetual ſucceſſion 
of the Colours upon the Paper : But if I fo much acce- 
lerated the motion, that the Colours by reaſon of their 
quick ſucceſſion could not be diſtinguiſhed from one 
another, the appearance of the fingle Colours ceaſed. 
There was no red, no yellow, no green, no blue, nor 
purple to be ſeen any longer, but from a- confuſion. of 
them all there aroſe one uniform white Colour. Of the 

Light which now by the mixture of all the Colours ap- 

_ peared white, there was no part really white. One 
part was red, another yellow, a third green, a fourth 
blue, a fifth purple, and every part retains its proper 
Colour till it ftrike the Senſorium. If the impreſſions 

follow one another ſlowly, ſo that they may be ſeve- 
rally perceived, there is made a diſtinct ſenſation of all 
the Colours one after another in a continual ſucceſſion. 


But 
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But if the impreſſions follow one another ſo quickly 
that they cannot be ſeverally perceived, there ariſeth 
out of them all one common ſenſation, which is nei- 
ther of this Colour alone nor of that alone, but hath it 
ſelf indifferently to 'em all, and this is a ſenſation of 
whiteneſs. By the quickneſs of the ſucceſſions the im- 
preſſions of the ſeveral Colours are confounded in the 
Senſorium, and out of that confuſion ariſeth a mixt ſen- 
ſation. If a burning Coal be nimbly moved round in a 
Circle with Gyrations continually repeated, the whole 
Circle will appear like fire; the reaſon of which is, that 
the ſenſation of the Coal in the ſeveral places of that 
Circle remains impreſt on the Senſorium, until the 
Coal return again to the ſame place. And ſo in a 
quick conſecution of the Colours the impreſſion of every 
Colour remains in the Senſorium, until a revolution of 
all the Colours be compleated, and that firſt Colour re- 
turn again. The impreſſions therefore of all the ſucceſſive 
Colours are at once in the Senſorium, and joyntly ſtir up 
a ſenſation of them all; and fo it is manifeſt by this Ex- 
periment, that the commixt impreſſions of all the Co- 
lours do ſtir up and beget a ſentation of white, that is, 
that whiteneſs is compounded of all the Colours. 


1 
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And if the Comb be now taken away, that all the 
Colours may at once paſs from the Lens to the Paper, 
and be there intermixed, and together reflected thence 
to the Spectators Eyes; their impreſſions on the Senſo- 
rium being now more ſubtily and perfectly commixed 
— ought much more to {tir up a ſenſation of white- 


Jou 
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You may inſtead of the Lens uſe two Priſms HIK 
and LMN, which by refracting the coloured Light 

the contrary way to that of the firſt refraction, may 

make the diverging rays converge and meet again in G, 

as you ſee it repreſented in the ſeventh Figure. For Fig. 7. 
where they meet and mix they will compoſe a white 
Light as when a Lens is uſed. 


EXPER. XI 


Let the Sun's coloured Image PT fall upon the Wall Fig. 8. 

of a dark Chamber, as in the third Experiment of the 

| firſt Book, and let the ſame be viewed through a Priſm 
a bc, held parallel to the Priſm ABC, by whoſe refra- 
ction that Image was made, and let it now appear lower 
than before, ſuppoſe in the place S over againſt the red 
colour T. And if you go near to the Image PT, the 
Spectrum S will appear oblong and coloured like the 
Image PT); but if you recede from it, the Colours of 
the Spectrum S will be contracted more and more, and 
at length vaniſh, that Spectrum S becoming perfectly 

round and white; and if you recede yet further, the 

Colours will emerge again, but in a contrary order. 
Now that Spectrum S appears white in that caſe when 
the rays of feveral forts which converge from the ſeve- 
ral parts of the Image PT, to the Priſm abc, are fo 
refracted unequally by it, that in their paſſage from the 
Priſm to the Eye they may diverge from one and the 
ſame point of the Spectrum 8, and fo fall afterwards 
upon one and the fame point in the bottom of the Eye, 
and there be mingled. _ 


8 And 
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And further, if the Comb be here made uſe of, by 
whoſe Teeth the Colours at the Image PI may be ſuc- 
ceſſively intercepted ; the Spectrum S when the Comb 
is moved ſlowly will be perpetually tinged with ſuc- 


_ ceffive Colours: But when by accelerating the motion: 


of the Comb, the ſucceſſion of the Colours is ſo quick 


that they cannot be ſeverally ſeen, that Spectrum 8, by 
a confuſed and mixt ſenſation of them all, will appear 


- White. 


Fig. 9. 
5 a Comb XV, placed immediately behind the Priſm, his 


EXPER. XII. 
The Sun ſhining through a large Priſm ABC upon 


Light which paſſed through the interſtices of the Teeth 
fell upon a white Paper DE. The breadths of the 
Teeth were equal to their interſtices, and ſeven Feeth 
together with their interſtices took up an Inch in 
breadth. Now when the Paper was about two or 
three Inches diſtant from the Comb, the Light which 
paſſed through its ſeveral interſtices painted ſo many 


ranges of Colours kl, mn, op, qr, Oc. which were 


parallel to one another and contiguous, and without any 
mixture of white. And theſe ranges of Colours, if the 
Comb was moved continually up and down with a re- 


ciprocal motion aſcended and deſcended in the Paper, 
and when the motion of the Comb was ſo quick, that 


the Colours could not be diſtinguiſhed from oneanother, 
the whole Paper by their confuſion. and mixture in the 


Senſorium appeared white. RI 


Let 
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Let the Comb now reſt, and let the Paper be remo- 
ved further from the Priſm, and the ſeveral ranges of 
'Colours will be dilated and expanded into one another 
more and more, and by mixing their Colours will di- 
lute one another, and at length, when the diſtance 
of the Paper from the Comb 1s about a Foot, or a 
little more ( ſuppoſe in the place 2D 2E) they will 
ſo far dilute one another as to become white. 

With any Obſtacle let all the Light be now ſtopt 
which paſſes through any one interval of the Teeth, ſp 
that the range of Colours which comes from thence may 
be taken away, and you will ſee the Light of the reſt of 
the ranges to be expanded into the place of the range 
taken away, and there to be coloured. Let the inter- 
cepted range paſs on as before, and its Colours falling 
upon the Colours of the other ranges, and mixing with 
them, will reſtore the whiteneſss. 

Let the Paper 2D 2E be now very much inclined to 
the rays, ſo that the moſt refrangible rays may be more 
copiouſly reflected than the reſt, and the white Colour 
of the Paper through the exceſs of thoſe rays will be 
changed into blue and violet. Let the Paper be as 
much inclined the contrary way, that the leaſt refran- 
gible rays may be now more copiouſly reflected than 
the reſt, and by their exceſs the whiteneſs will be 
changed into yellow and red. The ſeveral rays there- 
fore in that white Light do retain their colorific qua- 
lities, by which thoſe of any fort, when-ever they be- 
come more copious than the reſt, do by their exceſs 
and predominance cauſe their proper Colour to ap- 
pear. | 
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And by the ſame way of arguing, applied to the third 
Experiment of this Book, it may be concluded, that 
the white Colour of all refracted Light at its very firſt 
emergence, where it appears as white as before its inci- 
| dence, is compounded of various Colours. 7130 


In the foregoing Experiment the ſeveral intervals of 


the Teeth of the Comb do the office of ſo many Priſms, 


every interval producing the Phænomenon of one Priſm: 
Whence inſtead of thoſe intervals ufing ſeveral Priſms, I 


try'd to compound whiteneſs by mixing their Colours, and 


Fig. 10. 


did it by uſing only three Priſms, as alſo by uſing only 
two as follows. Let two Priſms A BC and abe, whole 
refracting Angles B and b are equal, be ſo placed parallel 
to one another, that the refracting Angle B of the one 
may touch the Angle c at the baſe of the other, and 
their planes CB and cb, at which the rays emerge, may 
lye in directum. Then let the Light trajected through 


them fall upon the Paper MN, diſtant about 8 or 12 


Inches from the Priſms. And the Colours generated 
by the interior limits B and c of the two. Priſms, will. 


be mingled at PT, and there compound: white. For if 


either Priſm be taken away, the Colours made by the 


other will appear in that place PT, and when the Priſm 


is reſtored to its place again, ſo that its Colours may 


there fall upon the Colours of the other, the mixture 
of them both will reſtore the whiteneſs. = 


5 This 
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This Experiment ſucceeds alſo, as J have tryed, when 
the Angle b of the lower Priſm, is a little greater than 
the Angle B of the upper, and between the. interior 
Angles B and c, there intercedes ſome ſpace Bc, as is 
repreſented in the Figure, and the refracting planes 
BC and bc, are neither in directum, nor parallel to 
one another. For there is nothing more requiſite to 
the ſucceſs of this Experiment, than that the rays of all 
ſorts may be uniformly mixed upon the Paper in the 
place PT. If the moſt refrangible rays coming from 
the ſuperior Priſm take up all the ſpace from M to P, the 
rays of the ſame fort which come from the inferior 
Priſm ought to begin at P, and take up all the reſt of the 
ſpace from thence towards N. If the leaſt refrangible 
rays coming from the ſuperior Priſm take up the ſpace 
MT, the rays of the ſame kind which come from the 
other Priſm ought to begin at I, and take up the remain- 
ing ſpace T N. If one fort of the rays which have in- 
termediate degrees of refrangibility, and come from the 
{uperior Priſm be extended through the ſpace M, and 
another ſort of thoſe rays through the ſpace MR, and 
a third fort of them through the ſpace MS, the ſame 
ſorts of rays coming from the lower Priſm, ought to il- 
luminate the remaining ſpaces QN, RN, SN reſpe- 
&ively. And the fame is to be underſtood of all the 
other ſorts of rays. For thus the rays of every ſort will 
be ſcattered uniformly and evenly through the whole 
ſpace MN, and fo being every where mixt in the fame 
proportion, they muſt every where produce the ſame 
Colour. And therefore fince by this mixture they pro- 
duce white in the exterior ſpaces MP and IN, they 
| muſt alſo produce white in the interior ſpace PT. This 
E is 
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is the reaſon of the compoſition by which whiteneſs 
was produced in this Experiment, and by what other 
way ſoever I made the hike compoſition the reſult was 
whiteneſs. „ Alt 

Laſtly, If with the Teeth of a Comb of a due fize, 
the coloured Lights of the two Priſms which fall upon 
the ſpace PT be alternately 1 » that ſpace 
PT, when the motion of the Comb is flow, will always 
appear coloured, but by accelerating the motion of 
the Comb ſo much, that the ſucceſhve Colours can- 
not be diſtinguiſhed from one another, it will appear 
white. OT SAT 
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EXPER. XIV. 


Hitherto I have produced whiteneſs by mixing the 
Colours of Priſms. If now the Colours of natural Bo- 
dies are to be mingled, let Water a little thickned with 
Soap be agitated to raiſe a froth, and after that froth 
has ſtood a little, there will appear to one that ſhall 
view tt intently various Colours every where in the 
ſurfaces of the ſeveral Bubbles; but to one that ſhall 
go ſo far off that he cannot diſtinguiſh the Colours from 
one another, the whole froth wall grow white with a 

perfect whiteneſs. e 


EXPER. XV. 


Laſtly, in attempting to compound a white by mixin 

the coloured Powders which Painters uſe, I nfilding 
that all coloured Powders do ſuppreſs and ſtop in 
them a very conſiderable part of the Light by which 
45 £ #9 | they 
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they are illuminated. For they become coloured by 
reflecting the Light of their own Colours more copiouſſy, 
and that of all other Colours more ſparingly, and yet 
they do not reflect the — 4 of their own Colours ſo 
copiouſly as white Bodies do. If red Lead, for inſtance, 
and a white Paper, be placed in the red Light of the 
coloured Spectrum made in a dark Chamber by the re- 
fraction of a Priſm, as is deſcribed in the third Eperi - 
ment of the firſt Book; the Paper will appear more lu- 
cid than the red Lead, and therefore reflects the red- 
making rays more copiouſly than red Lead doth. And 
if they be held in the Light of any other Colour, the 
Light reflected by the Paper will exceed the Light re- 
flected by the red Lead in a much greater proportion. 
And the like happens in Powders of other Colours. 
And therefore by mixing fuch Powders we are not to 
expect a ſtrong and full white, ſuch as is that of Paper, 
but ſome dusky obſcure one, ſuch as might ariſe from a 
mixture of light and darkneſs, or from white and black, 
that is, a grey, or dun, or ruſſet brown, ſuch as are the 
Colours of a Man's Nail, of a Mouſe, of Aſhes, of or- 
dinary Stones, of Mortar, of Duſt and Dirt in. High- 
ways, and the like. And ſuch a dark white I have 
often produced by mixing coloured Powders. For thus 
one part of red Lead, and five parts of Yrride Aris, com- 
poſed a dun Colour like that of a. Mouſe. For theſe 
two Colours were ſeverally ſo compounded of others, 
that in. both together were a mixture of all Colours ; and. 
there was leſs red Lead uſed than Viride Air, becauſe 
of the fulneſs of its Colour. Again, one part of red 
Lead, and four parts of blue Biſe, compoſed a dun Co- 
lour verging a little to purple, and by adding to this a 
certain 
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certain mixture of Orpiment and / rid; Ars in a due 
proportion, the mixture loſt its purple tincture, and be- 


came perfectly dun. But the Experiment ſucceeded beſt 
without Minium thus. To Orpiment I added by little 
and little a certain full bright purple, which Painters 
uſe until the Orpiment ceaſed to be yellow, and became 
of a pale red. Then 1 diluted that red by adding a 
little Viride Ars, and a little more blue Biſe than Vi- 
rid: Ars, until it became of ſuch a grey or pale white, 


as verged to no one of the Colours more than to ano- 
ther. For thus it became of a Colour equal in white- 


neſs to that of Aſhes or of Wood newly cut, or of a 
Man's Skin. The Orpiment reflected more Light than 
did any other of the Powders, and therefore conduced 


more to the whiteneſs of the compounded Colour than 


2 To aſſign the proportions accurately may be 


difficult, by reaſon of the different goodneſs of Pow- 


ders of the ſame kind. Accordingly as the Colour of 

any Powder is more or leſs full and luminous, it ought 

to be uſed in a leſs or greater proportion. RE. 
Now -confidering that theſe grey and dun Colours 


may be alſo produced by mixing whites and blacks, and 


by conſequence differ from perfect whites not in Species 


of Colours but only in degree of luminouſneſs, it is ma- 


nifeſt that there is nothing more requiſite to make 
them perfectly white than to increaſe their Light ſuffi- 


ciently; and, on the contrary, if by increaſing their 


Light they can be brought to perfect whiteneſs, it will 
thence allo follow, that they are of the ſame Species of 
Colour with the beſt whites, and differ from them only 
in the quantity of Light. And this I tryed as follows. 
4 took the third of the above-mentioned grey mixtures 

„„ (that 
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(that which was compounded of Orpiment, Purple, 
Biſe and Viride Aris) and rubbed it thickly upon the 
floor of my Chamber, where the Sun ſhone upon it 
through the opened Caſement; and by it, in the ſha- 
dow, I laid a piece of white Paper of the ſame bigneſs. 
Then going from them to the diſtance of 12 or 18 Feet, 
ſo that I could not diſcern the unevenneſs of the ſurface 
of the Powder, -nor the little ſhadows let fall from the 
gritty particles thereof; the Powder appeared intenſſy 
white, ſo as to tranſcend even the Paper it ſelf in white- 
neſs, eſpecially if the Paper were a little ſhaded from 
the Light of the Clouds, and: then the Paper compared 
with the Powder appeared of ſuch: a grey Colour as the 
Powder. had done before. But by laying the Paper 
where the Sun ſhines through the Glaſs of the Window, 
or by ſhutting. the Window that the Sun might ſhine. 
through the Glaſs upon the Powder, and by ſuch other 
fit means of increaſing or decreaſing, the Lights where- 
with the Powder and Paper were illuminated, the 
Light wherewith the Powder is illuminated may be i 
made ſtronger in ſuch a due proportion than the Light | 
wherewi1th the Paper is illuminated, that they ſhall both 
appear exactly alike in whiteneſs. For when I was 
trying this, a Friend coming to vifit me, I ſtopt him 
at the door, and before I told him what the Colours 
were, or what I was doing; I askt him, Which of the 
two whites were the beſt, and wherein they differed ? 
And after he had at that diſtance viewed them well, he 
anſwered, That they were both good whites, and that 
he could not ſay which was beſt, nor wherein their Co- 
lours differed. Now if you conſider, that this white 
of the Powder in the Sun-ſhine was compounded of the 

6. i. Colours 
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Colour which the component Powders (Orpiment, 
Purple, Biſe, and Viride Aris) have in the ſame Sun- 
ſhine, you muſt acknowledge by this Experiment, as 
well as by the former, that perfect whiteneſs may be 
compounded of Colours. 

From what has been ſaid it is alſo evident, that the 
whiteneſs 'of the Sun's Light is compounded of all the 
Colours wherewith the ſeveral: ſorts of. rays whereof 
that Light conſiſts, when by their ſeveral refrangibili- 
ties they are ſeparated from one another, do tinge Paper 
or any other white Body whereon they fall. For thoſe 
Colours: by Prop. 2. are- unchangeable; and whenever 
all thoſe rays with: thoſe their Colours are mixt again;, 
they CNA the fame white Lache as before. 


PROP. VI. PROB, III. 


Þ a mixture uf primary Colours; the quantity and quality: 


of each being groen, to ROW the Colour YE the com- 
Pound. . 


Fig. II. With tlie ritt 0 und Radius ON ID deſeribe a Circle 

AD F, and diftinguiſh-its circumference into ſeven parts 

DE, EF, FG, GA, AB; BC, C, proportional to 

the ſeven muſical Tones or Intervals of the eight Sounds, 

'ol, la, fa, ſol, la, mi, fa, jot, contained 3 in an Eight, | 
that 15, proportional to the numbers 


9 187 16 33 763 165 


, Let che firſt part DE. repreſent a red Colour, the 
ſecond. E F orange, the third FG. yellow, the fourth 
GH green, the fifeh AB- blue, the fixth BC indico, | 
and thi ſeventh CD violet. And conceive that theſe 
are 5 the Colours of uncompounded. Light gradually 


Pa ſhng 
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paſſing into one another, as they do when made by 
Priſms ; the circumference DEF GAB CD, repreſen- 


ting the whole ſeries of Colours from one end of the 
Sun's coloured Image to the other, ſo that from D to E 
be all degrees of red, at E the mean Colour between red 
and orange, from E to F all degrees of orange, at F the 
mean between orange and yellow, from F to G all de- 
grees of yellow, and ſo on. Let p be the center of 
gravity of the Arch DE, and q, r, s, t, v, x, the centers 
of gravity of the Arches EF, FG, GA, AB, BC 
and CD reſpectively, and about thoſe centers of gra- 
vity let Circles proportional to the number of rays of 


each Colour in the given mixture be deſcribed ; that is, 


the circle p proportional to the number of the red ma- 
king rays in the mixture, the Circle q proportional to 
the number of the orange- making rays in the mixture, 
and ſo of the reſt. Find the common center of gravity 
of all thoſe Circles p, q, 1, s, t, v, x. Let that center 
be Z ; and from the center of the Circle A D F, through 
Z to the circumference, drawing the right line O V, 


the place of the point Y in the circumference ſhall ſhew 


the Colour ariſing from the compoſition of all the Co- 
lours in the given mixture, and the line OZ ſhall be 
proportional to the fulneſs or intenſeneſs of the Colour, 
that is, to its diſtance from whiteneſs. As if Y fall in 
the middle between F and G, the compounded Colour 
{hall be the beſt yellow ; it Y verge from the middle to- 
wards F or G, the compounded Colour ſhall according- 
ly be a yellow, verging towards orange or green. If Z 
tall upon the circumference the Colour ſhall be intenſe 
and florid in the higheft degree; if it fall in the mid 
way between the circumference and center, it ſhall be 
P 2 but 
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but half ſo intenſe, that is, it {hall be ſuch a Colour as 
would be made by diluting the intenſeſt yellow wit h an 
equal quantity of whitenefs ; and if it fall upon the 
center O, the Colour ſhall have loft all its intenſeneſs, 
and become a white. But it is to be noted, That if the 
point Z fall in or near the line OD, the main ingredients 
being the red and violet, the Colour compounded ſhall 
not be any of the priſmatic Colours, but a purple, in- 
clining to red or violet, accordingly as the point Z 
lieth on the ſide of the line DO towards E or towards C, 
and in general the compounded violet is more bright and 
more fiery than the uncompounded. Alſo if only two 
of the primary Colours which in the Circle are oppoſite 
to one another be mixed in an equal proportion, the 
point Z ſhall fall upon the center O, and yet the Co- 
lour compounded of thoſe two ſhall not be perfectly 
white, but ſome faint anonymous Colour. For I could 
never yet by mixing only two primary Colours produce 
a perfect white. Whether it may be compounded of a 
mixture of three taken at equal diſtances in the circum- 
ference I do not know, but of four or five I do not much 
queſtion but it may. But theſe are curioſities of little 
or no moment to the underſtanding the Phænomena of 
nature. For in all whites produced by nature, there 
uſes to be a mixture of all ſorts of rays, and by conſe- 
quence a compoſition of all Colours. | 
Io give an inſtance of this Rule; ſuppoſe a Colour is 
compounded of thefe homogeneal Colours, of violet 
1 part, of indico 1 part, of blue 2 parts, of green 3 parts, 
of yellow 5 parts, of orange 6 parts, and of red 10 parts. 
Proportional to theſe parts I deſcribe the Circles x, v, t, 
5 I, q, p reſpectively, that is, fo that if the —_— 


11 

be 1, the Circle v may be 1, the Circle t 2, the Circle 
s 3, and the Circles r, q and p, 5, 6and 10. Then I 
find Z the common center of gravity of theſe Circles 
and through Z drawing the line OY, the point Y falls 
upon the circumference between E and F, ſome thing 
nearer to E than to F, and thence I conclude, that the 
Colour compounded of theſe ingredients will be an 
orange, verging a httle more to red than to yellow. 
Alfo I find that OZ is a little leſs than one half of 
OY, and thence 1 conclude, that this orange hath a 
little leſs than half the fulneſs or intenſeneſs of an un- 
compounded orange; that is to ſay, that it is ſuch an 
orange as may be made by mixing an homogeneal orange 
with a good white in the proportion of the line O Z to 
the line Z Y, this proportion being not of the quantities 
of mixed orange and white powders, but of the quan- 
tities of the lights reflected from them. 92 185 

This Rule 1 conceive accurate enough for practiſe, 
though not mathematically accurate; and the truth of 
it may be ſufficiently proved to ſenſe, by ſtopping any 
of the Colours at the Lens in the tenth Experiment of 
this Book. For the reſt of the Colours which are not 
ſtopped, but paſs on to the Focus of the Lens, will 
there compound either accurately or very nearly ſuch 
a Colour as by this Rule ought to reſult from their 
moore; um 0 
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Inne 
pROP. VII. THEOR v. 
All the Colours in the Univerſe which are made by Light, 


and depend not on the power of imagination, are 
either the Colours of homogeneal Laghts, or compounded 
of theſe and that either accurately or very nearly, ac- 
cording to the Rule of the foregomg Problem. 


For it has been proved (in Prop.1. Lib. 2.) that the 
changes of Colours made by refractions do not ariſe 
from any new modifications of the rays impreſt by thoſe 
refractions, and by the various terminations of light 
and ſhadow, as has been the conſtant and general opi- 
nion of Philoſophers. It has alſo been proved that the 
ſeveral Colours of the homogeneal rays do conſtantly 
anſwer to their degrees of refrangibility, (Prop. 1. Lib. I. 
and Prop. 2. Lib. a.) and that their degrees of refrangi- 
bility cannot be changed by refractions and reflexions, 
(Prop. 2. Lil. I.) and by conſequence that thoſe their 
Colours are likewiſe immutable. It has alſo been pro- 
ved directly by refracting and reflecting homogeneal 
Tights apart, that their Colours cannot be changed, 
(Prop. a. Lib. 2.) It has been proved alſo, that when 
the ſeveral ſorts of rays are mixed, and in croſſing paſs 
through the ſame ſpace, they do not act on one another 
ſo as to change each others colorifick qualities, (Exper. 
10. Lib. 2.) but by mixing their actions in the Senſo- 
rium beget a ſenſation differing from what either would 
do apart, that is a ſenſation of a mean Colour between 
their proper Colours; and particularly when by the 
voncdurſe and mixtures of all ſorts of rays, a white 
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Colour is produced, the white is a mixture of all tlie 
Colours which the rays would have apart, (Prop. 5. 
Lib. 2.) The rays in that mixture do not loſe or alter 
their ſeveral colorifick qualities, but by all their various 
kinds of actions mixt in the Senſorium, beget a ſenſa- 
tion of a middling Colour between all their Colours 
- which is whiteneſs. For whiteneſs is a mean between 
all Colours, having it ſelf indifferently to them all, ſo 
as with equal facility to be tinged with any of them. 
A red Powder mixed with ua little blue, or a blue with 
a little red, doth not preſently loſe its Colour, but a 
white Powder mixed with any Colour is preſently tin- 
ged with that Colour, and is equally capable of being 
tinged with any Colour what-ever. It has been ſhewed: 
alſo, that as the Sun's Light is mixed of all ſorts of rays, 
ſo its whiteneſs is a mixture of the Colours of all forts: - 
of rays; thoſe rays having from the beginning their ſe- - 
veral colorific qualities as well as their ſeveral refrangi- - 
bilities, and retaining them perpetually unchang'd not- 
withſtanding any refractions or reflexions they may at 
any time ſuffer, and that when-ever any ſort of the 
Sun's rays is by any means (as by reflexion in Exper. 9 
and 10. Lib. I. or by refraction as happens in all re- 
fractions) ſeparated from the reſt, they then manifeſt . 
their proper 8 Theſe things have been proved, 
and the ſum of all this amounts to the Propoſition here 
to be proved. For if the Sun's Light is mixed of ſe- 
veral forts of rays, each of which have originally their 
ſeveral refrangibilities and colorifick qualities, and not- 
withſtanding their refractions and reflections, and their 
various ſeparations or mixtures, keep thoſe their ori- 
ginal properties perpetually the ſame without altera- 
| tion; 
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tion; then all the Colours in the World muſt be ſuch as 
_ conſtantly ought. to ariſe from the original colorific qua- 
lities of the rays whereof the Lights confift by which 
thoſe Colours are;ſeen. And therefore if the reaſon of 
any Colour what-ever be required, we have nothing elle 
to do then to conſider how the rays in the Sun's Light 
have by reflexions or refractions, or other cauſes been par- 
ted from one another, or mixed together; or otherwiſe to 
find out what ſorts of rays are in the Light by which 
that Colour is made, and in what proportion; and 
then by the laſt Problem to learn the Colour which 
ought to ariſe by mixing thoſe rays (or their Colours) 
in that proportion. I ſpeak here of Colours ſo far as 
they ariſe from Light. For they appear ſometimes by 
other cauſes, as when by the power of phantaſy we 
{ee Colours in a Dream, or ——_ Man ſees things betore 
him which arenot there ; or when we ſee Fire by ſtriking 
the Eye, or ſee Colours like the Eye of a Peacock's 


Feather, by preſſing our Eyes in either corner whilft 


we look the other way. Where theſe and ſuch like 
cauſes interpoſe not, the Colour always anſwers to 
the ſort or ſorts of the rays whereof the Light conſiſts, 
as I have conſtantly found in what-ever Phznomena of 
Colours I have hitherto been able to examin. I ſhall in 
the following Propoſitions give inſtances of this in the 
Phenomena of chiefeſt note, Flt 
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PROP. vn. PROB. 111. 


| By the diſcovered Properties of Light to explain he 
Whey A Colours made by Priſms. 


Let ABC repreſent a Priſm refracting the Light of Fig. 12. 
the Sun, which comes into a dark Chamber through. a © 
Hole Fe almoſt as broad as the Priſm, and let MN 
repreſent a white Paper on which the refracted Light is 
caſt, and ſuppoſe the moſt 3 or deepeſt violet 
making rays fall upon the ſpace Pe, the leaſt refran- 
gible or deepeſt red- making rays upon the ſpace T7, 
the middle fort between the Indico- making aud blue- 
making rays upon the ſpace Qx, the middle ſort of the 
green making rays upon the ſpace Re, the middle ſort 
between the yellow-making and orange-making rays 
upon the ſpace 8, and other intermediate ſorts upon 
intermediate ſpaces. For fo the ſpaces upon which the 
ſeveral ſorts adequately fall will by reaſon of the diffe- 
rent refrangibility of thoſe ſorts be one lower than ano- 
ther. Now if the Paper MN be ſo near the Priſm that the 
ſpaces P T and do not interfere with one another, the 
diſtance between them T will be illuminated by all 
the ſorts of rays in that proportion to one another which 
they have at their very firſt coming out of the Priſm, 
and conſequently be white. But the ſpaces PT and 
on either hand, will not be illuminated by them all, 
and therefore will appear coloured. And particularly 
at P, where the outmoſt violet-making rays fall alone, 
the Colour muſt be the deepeſt violet. At Q where the | 
violet-making and indico-making rays are mixed , it | 
Q e 


oe 
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mut be a violet inclining much to indico. At R where 
the violet-making , indieo-making, blue- making, and 
one half of the green- making rays are mixed, their Co- 
lours muſt, ( by the conſtruction of the ſecond Problem) 
compound à middle Colour between indico and blue. 
At S Where all the rays are mixed except the red · ma- 
| Bog Far annette ought by the fame 
| Rule to compound a faint | — verging more to green 
. than indie. 1 775 the pro from S to I, this blue 
| Won te and more faint and ow till at T, 


where, a Colours, begin. to, be mixed , it end in 
e 5 wk 
So again, on the 23 fide of the white at . where 


the leaſt refrangibte or utmoſt red-making rays are alone 
the Colour mutt be the deepeſt red. At, « the mixture 
3 red and, orange will compound à red inclining to 
orange. At e the mixture of red, orange, yellow, and 
one half of the green muſt compound à middle Colour 
between orange and yellow. At x the mixture of all 
Colours but violet and indico will compound a faint 
yellow, verging more to green than to orange. And 
this. yellow will grow more faint and dilute continually 
in its progreſs from x to , where by a mixture of all 
ſorts of 155 s it will become white. 

Theſe Colours ought to appear were the Sun's we 
perfectly white: But becauſe it inclines to yellow, the ex- 
cefs of the yellow - making rays whereby tis tinged with 
that Colour, being mixed with the faint blue between 
S and. T, will draw it to a faint green. And fo the 
Colours i in order from P to T ought to be violet, indico, 
blue, very faint green, white, 255 yellow, orange, red. 
Thus it is by the computation : And they that pleaſe to 

view 
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view. the Colours made by a Priſm will find it ſo in 
Nature. „ ( N 
Theſe are the Colours on both ſides the white when 
the Paper is held between the Priſm, and the point X 
where the Colours meet, and the interjacent white va- 
niſhes. For if the Paper be held ſtill farther off from the 
Priſm, the moſt refrangible and leaſt refrangible rays 
will be wanting in the middle of the Light, and the reſt 
of the rays which are found there, will by mixture pro- 
duce a fuller green than before. Alſo the yellow and 
blue will now become lefs ' compounded, and by con- 
ſequence more intenſe than before. And this alſo 
agrees with experience. 5 eg Ke e 
d if one look through a Priſm upon a white Object 
encompaſſed with blackneſs or darkneſs, the reaſon of 
the Colours ariſing on the edges is much the ſame, as 
will appear to one that ſhall a little conſider it. If a 
black Object be encompaſſed with a white one, the Co- 
lours which appear through the Priſm are to be derived 
from the Light of the white one, ſpreading into the Re- 
gions of the black, and therefore they appear in a con- 
trary order to that, in which they appear when a white 
Object is ſurrounded with black. And the fame is to 
be underſtood when an Object is viewed, whoſe parts 
are ſome of them leſs luminous than others. For in the 
Borders of the more and leſs luminous parts, Colours 
ought always by the ſame Principles to ariſe from the 
excels of the Light of the more luminous, and to be of 
the ſame kind as if the darker parts were black, but yet 
tobe more fair and Ullmte.. oo 
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What is ſaid of Colours made by Priſms may be eaſily 

applied to Colours made by the Glaſſes of Teleſcopes, 

or Microſcopes, or by the humours of the Eye. For if 
the Obje&-glals, of a Teleſcope be thicker on one fide 

than. on the. other, or if one half of the Glaſs, or one 

half of the Pupil of the Eye be covered with any opake 

ſubſtance: os Object-glaſs, or that part of it or of the 

Eye which is not covert may be conſidered as a Wedge 

with crooked ſides, and every Wedge of Glaſs,” or other 

pellucid ſubſtance; has the effect of a Priſm in refrating 

the Light which paſſes through it. 

How the Colours in the mh and roth Gnas 
of the firſt Part ariſe from the different reflexibility of 
Light. is evident by what was there ſaid. But it is obſer- 
vable in the gth Experiment, that whilſt the Sun's di- 
rect Light 1 is yellow, the exceſs of the blue-making 
rays in the reflected Beam of Light MN, ſuffices only 

to bring that yellow to a pale white inclining to blue, 
and not to tinge it with a manifeſtly blue Colour. To 
obtain therefore a better blue, I uſed inſtead of the yel- 
low Light of the Sun the white Light of the Clouds, by 
. a little thy e erb as follows. Th 


EXPER: XVI. 


Fs 


Fig. 13. 17 1 F 6 . a Priſm in * ape Air, ah 8 
| the Eye of the Spectator, viewing the Clouds by their 
Tonk coming into the Priſm at the plane fide F 1G K, 

reflected in it by its baſe HEIG, and thence going 

608 through its plain fide H E FK to the Eye. And 

when the Priſm and Eye are conveniently placed, ſo 

da the Angles of incidence and reflexion at the baſe 


tres 
ebe about Anden the Spectator will ſee a Bow: 
MN. of a blue Colour, running from one end of, the 

baſe to the other, with the concave fide towards him, 
and the part of the baſe I MNG beyond this Bow will 
be brighter than the other part EMNH on the other. 
ſide ot it. This blue Colour MN, being, m ade by no- 
thing elſe than by. reflexion of a he pared, 
ſeems ſo odd a Phænomenon, and ſo.unaccountable., for 

by the vulgar Hypotheſis of Philoſophers, that I could: 
not. but a it *.* eue to be 4 — BIR — 4 dow 


Angles, * DC) „500 I; 
point p 2 the El "ey — none — the maſt 


. rays can paſs through the baſe of the Priſm, 
and be refracted, whoſe incidence is ſuch that they may 
be reflected to the Eye; and the point t will be the like 
limit for the leaſt refrangible rays, that is, beyond 
which none of them can pals: through, the babe, whoſe ' 
Incidence is ſuch that by reflexion they may.come to the - 
Eye. And the pointr taken in the middle way between 
p and t, will be the like limit for the meanly refrangible 
rays. And therefore all the refrangible rays which fall 
upon the baſe beyond t, that is, between t and B, and 
can come from thence to the Eye will be reflected thi-- 
ther: But on this ſide t, that is; between t and c, many 
of theſe rays will be tranſmitted through. the baſe. 
And all the moſt refrangible rays which fall upon the. 
baſe beyond p, that is, between p and B, and can by 
reflexion come. from thence to the Eye, will be reflected 
thither, 


thile rays wil er through the baſe and be ack 
and the ſame is to be And erebd of the meanly refran- 
gible rays on either ſide of the point r. Whence it fol- 
lows, that the baſe of the Priſm muſt every where be- 
tween t and B, dy a total reflexion of all ſorts of rays to 
the Bye; look white and bright. And every Where 
between ) and ©, by reaſon of the tranſmiſhon of many 
rays of every ſort, look more pale, obſcure and dark. 
But at r, and in other places between pand t, where 
All the more refrangible "rays are reflected to the Eye, 
and many of the leſs refrangible are tranſmitted, the 
_excels'of the moſt refrangible 1 in the reflected Light will 
tinge that Light with their Colour, which is violet and 
blue. And this happens by taking the line GprtB. hr 
1 where borweek the ends of the Priſm HC C and EI. 
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FT the diſcord Pr ries of Light 10 ex plain ON 
Colours 7. the Rain-how * 8 


This Bow never appears but hee! it W in Uſe 
Sun line, and may be made artificially by ſpouting up 
Water which may reak aloft, and fatter into Drops, 
and falldown likeRain. For the Sun ſhining upon theſe 
Drops certainly cauſes the Bow to appear to a SpeCta- 
tor ſtanding in a due poſi ition to the Rain and Sun. And 
kence it is now a: greed upon, that this Bow is made by 
refraction of the Sun's Light in Drops of falling Rain. 
This was underſtood by ſome of the Ancients, and of 
late © oye fully diſcovered and Ns by the Famous 
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Ayꝛtonius de Dowinis Archbiſhop of Spilato; in his Book 
De Radus Viſus & Lucie, publifhed by his Friend Bar- 
tolus at Fenice, in the Near 1611, and written above. f 
twenty Years! before. For he teaches there how the 
interior Bow is made in round Drops of Rain by two 
refractions of the Sun's Light, and one reflexion be- 
tween. them, and the exterior by two refractions and 
two ſorts of reflexions between them in each Drop of 
Water, and proves his Explications by Experiments 
made withaPhial full of Water, and with Globes of Glaſs: 
filled with Water, and placed in the Sun to make the 
Colours of the two Bows appear in them. The fame: 
Explication Des-Cartes hath purſued in his Meteors, 
and mended that of the exterior Pow. But whilſt they 
i not the true origin of Colours, it's neceſſary 
to pure it here à little 8 For underſtanding 

chend eihow the Bow is made, let à Drop of Rain or 
any 2 ſpherical tranſparent Body be repreſented: by 
the Sphere BN FG, deſcribed with the Center C. and Fig. 22 
Semi- diameter CN. And let AN be one of the Fun s 
rays incident upon it at N, and thence refracted to E, 
where let it either go aut of the Sphere by refraction to- 
wards V, or be reflected to G; and at G let it either go 
out by refraction to R, or be reflected to H; and 10 71 
let it go out by refraction towards 8, cutting the inci- 
dent ray in Y ; produce A N and RG, till they meet in 
X, and upon AX and NF let fall the perpendiculars 
Ch and E, and produce CD till it fall upon the cir- 
cumference at L. Parallel to the incident ray AN draw: 
the Diameter BQ, and let the fine of incidence out of 
Air into Water be to. the fine of refraction. as I to 


R. Now if * ſuppoſe the point of incidence N to 
move 


move from the 722 5 B, Gand y till it come to L 
the Arch QF will firſt increaſe and then decreaſe, 8 
ſo Will the Angle AX R which the rays AN and GR 
contain; and the Arch QF and Angle AX R will be 
biggeſt — Nis to CN as VIH to RR, 
in which caſe N E will be to ND as 2 R to I. Alſo the 
Angle AYS which the rays A N and HS contain will 
firſt dee und then increaſe and grow leaſt when 
ND is to CN: as / TERR-to 8 RR; in which caſe 
NE will be to N Das 3Rtol. And fo the Angle which 
the next emergent ray (that is, the emergent ray after 
three reflexions/) contains with the incident ray AN 
will come to its limit when ND is to CN as IL NR to 
i RN, in which caſe N E will be to ND as 4 R to I, 
and the Angle which the ray next after that emergent, 
that, is, the ray emergent after four reflexions, con- 
tains with the incident will come to its limit, when 


ND is to CN. as / TERR'to 24 RR, in which caſe 


NE will be to ND as 5 K to I; and fo on infinitely, 


the numbers 3, 8, 15, 24, Bc. being gathered by conti- 
| nualaddition of the terms of the arithmetical progreſhon 

35% 79 H. The truth of all this Mathematicians will 
1 y examine. 
Nou it is to be obſerved: chat as when the Sun comes 
to his Tropicks, days increaſe and decreaſe but a very 
little for a great while together; ſo when by increaſing 
the diſtance CD, theſe Angles come to their limits, 
they vary their quantity but very little for ſome time 
together, and therefore a far greater number of the rays 
which fall upon all the points N in the Quadrant 
BL, ſhall emerge in the limits of theſe Angles , 


then in any other inclinations, | And further it is 
to 


„„ 
to be obſerved, that the rays which differ in refrangi- 
bility will have different limits of their Angles of emer- 
gence, and by conſequence according to their different 
degrees of refrangibility emerge moſt copiouſly in dif- 
ferent Angles, and being ſeparated from one another 
appear each in their proper Colours. And what thoſe 
Angles are may be eaſily gathered from the foregoing 
Theorem by computation. et 


For in the leaſt refrangible rays the fines I and R (as 
was found above) are 108 and 81, and thence by 
computation the greateſt Angle AXR will be found 
42 degrees and 2 minutes, and the leaſt Angle AYS, 
50 degr. and 57 minutes. And in the moſt refrangible 
rays the fines I and R are 109 and 81, and thence by 
computation the greateſt Angle AXR will be found 
4.0 degrees and 17 minutes, and the leaſt Angle AYS 
314 ͤl 

Suppoſe now that O is the Spectator's Eye, and OP a line Fig. 15. 
drawn parallel to the Sun's rays, and let POE, POF, 
POG, POH, be Angles of 40 degr. 17 min. 42 degr. 
2 min. 5odegr. 57 min. and 54 degr. 7 3 

2 


and theſe Angles turned about their common fide O P, 
ſhall with their other ſides OE, OF; OG, OH de- 
deſcribe the verges of two Rain-bows AFBE and 
CHDG.- For if E, F, G, H, be Drops placed an 
where 1n the conical ſuperficies deſcribed by OE, O F. 
OG, OH, and be illuminated by the Sun's rays SE, 
SF, SG, SH; the Angle SEO being equal to the 
Angle POE or 40 degr. 17 min. ſhall be the greateſt 
Angle in which the moſt refrangible rays can after one 
reflexion be refracted to the Eye, and therefore all the 
Drops in the line OE ſhall ſend the moſt refrangible 
_— rays 


© will appear faint and incline to purple. = 


ad AY 
rays moſt copioufly to the Eye, and thereby ſtrike the 
ſenſes with the deepeſt violet Colour in that region. 
And in like manner the Angle SFO being equal to: 
the Angle P OF, or 42 deg. 2 min. ſhall be the greateſt 
in which the leaſt refrangible rays after one reflexion 
can.emerge out of the Drops, and therefore thoſe rays 
ſhalt come moſt copioufly to the Eye from the Drops in 
the line OF, and ſtrike the ſenſes with the deepeſt red 
Colour in that region. And by the _ e 
the rays which have intermediate degrees of refrangibi- 
lity. ſhall come moſt copiouſly from Drops beren 
E and F, and ſtrike the fenfes with the intermediate 
Colours in the order which their degrees of refrangibi- 
lity require, that is, in the progreſs from E to F, or 
from the infide of the Bow to the outſide in this order, 
violet, indico, blue, green, 1 red. But the 
violet, by the mixture of the white Light of the Clouds, 


Again, the Angle SG O being equal to Angle POG, 
or 5 gr. 51 win. falt be the feaſt Ne Which the 
kaſt Yefrangible rays can after two reffex ions emerge out 
of the Drops, and therefore the leaſt refrangible rays ſhal! 
come moſt copiouſly to the Eye from the Drops in the 
fine OG, 2 ſtrike the ſenfe with the deepeſt red in 
that region. And the Angle SHO being equal to the 
Angle Þ OH or 54 gr. 7 min. ſhall'be the leaſt Angle in 
which the moſt refrangible rays after two refleckłions can 
emerge out of the Drops, 11 therefore thoſe rays ſhall 
come moſt copiouſly, to the Eye from the Drops in the 
line OH, and ſtrike the ſenſes with the deepeſt violet in 
that region. And by the ſame argument, the Drops in 
the regions between G and H ſhalt ftrike the ſenſe with 
e the 
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the intermediate Colours in the order which their de- 
orees of refrangibility require, that is, in the progreſs 
from G to H, or from the inſide of the Bow to the out- 
ſide in this order, red, orange, yellow, green, blue, in- 
dico, violet. And fince thele four lines OE, OF, OG. 
OH, may be ſituated any where in the above-mentioned 
conical ſuperficies, what is ſaid of the Drops and Co- 
lours in theſe lines is to be underſtood of the Drops 
and Colours every where in thoſe ſuperficies. ay 
Thus ſhall there be made two Bows of Colours, an 
interior and ſtronger, by one reflexion in the Drops, 
and an exterior and fainter by two; for the Light be- 
comes fainter by every reflexion. And their Colours 
ſhall ly in a contrary order to one another, the red of 

both Bows Pa Ae the ſpace G F which is be- 
tween the Bows. The breadth of the interior Bow 
EO F meaſured croſs the Colours ſhall be 1 degr. 45 min. 
and the breadth of the exterior GO H fall be 
degr. 10 min, and the diſtance between them GO! 
ſhall be 8 gr. 55 min. the greateſt Semi- diameter of the 
innermoſt, that is, the Angle PO F being 42 gr. 2 min. 
and the leaſt Senu-diameter of the outermoſt PO G, be- 
ing 50 gr. 57 min. Theſe are the meaſures of the Bows, 
as they would be were the Sun but a point ; for by the 
breadth of his Body the breadth of the Bows w1ll be in- 
creaſed and their diftance decreaſed by half a degree, 
and ſo the breadth of the interior Iris will be 2 degr. 
15 min. that of the exterior 3 degr. 40 min, their di- 
ſtance $ degr. 25 min. the greateſt 1 of the 
interior Bow 42 degr. 17 min. and the leaſt of the ex- 
terior 50 degr. 42 min. And ſuch are the dimenſions 
of the Bows in the Heavens found to be very nearly, 
R 2 when 
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when their Colours appear ſtrong and perfect. For 
once, by ſuch means as I then had, I meaſured the 
greateſt Semi- diameter of the interior Iris about 42 de- 
rees, the breadth. of the red, yellow and green in that 
Fe 63 or 64 minutes, befides the outmoſt faint red ob- 
ſcured by brightneſs of the Clouds, for which we 
may allow 3 or 4 minutes more. The breadth of the 
blue was about 40 minutes more beſides the violet, 
which was fo much obſcured by the brightneſs of the 
Clouds, that 1 could not meaſure its breadth. But 
fuppoſing the breadth. of the blue and violet together 
to equal that of the red, yellow and green together, the 
whole breadth of this Iris will be about 2: degrees as 
above. Fhe leaſt diſtance between this Iris and the ex- 
terior Iris was about 8 degrees and 30 minutes. The ex 
terior Iris was broader than the interior, but ſo faint, 
eſpecially on the blue fide, that I could not meaſure its 
breadth diſtinctly. At another time when both Bows 
appeared more diſtinct, I meaſured the breadth of the 
interior Iris 2 gr. 10, and the breadth of the red, yel- 
low and green in the exterior Iris, was to the breadth 
of the ſame Colours in the interior as 3 to 2. 4 


This Explication of the Rain-bow is yet further con- 
firmed by the known Experiment (made by Antonius 
de Domini and Des-Cartes) of hanging up any where 
in the Sun-ſhine a Gl1ſs-Globe filled with Water, and 
viewing it 1n ſuch a poſture that the rays which come 
from the Globe to the Eye may contain with the Sun's 
rays an Angle of either 42 or 50 degrees. For if the 
Angle be about 42 or 43 degrees, the SpeQator ( ſup- 
poſe at O) ſhall ſee a full red Colour in that fide of the 
as oppofed to the Sun as tis repreſented at F, and 


9 . 
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if that Angle become leſs ( ſuppoſe by depreſſing the 
Globe to E) there will appear other Colours, yellow, 
green and blue ſucceſſively in the ſame ſide of the Globe. 
But if the Angle be made about 50 degrees (ſuppoſe by 
lifting up the Globe to G)there will appear a red Colour 
in that ſide of the Globe towards the Sun, and if the 
Angle be made greater (ſuppoſe by lifting up the Globe 
to H) the red will turn ſucceſhvely to the other Colours 
yellow, green and blue. The fame thing I have tried by 
letting a Globe reſt, and raiſing or deprefling the Eye; 
or otherwiſe moving it to make the Angle of a juſt 
magnitude. =» Eu 77 5 1 255 
I have heard it repreſented, that if the Light of a 
Candle be refracted by a Priſm to the Eye; when the 
blue Colour falls upon the Eye the Spectator ſhall ſee 
red in the Priſm, and when the red falls upon the Eye 
he ſhall ſee blue; and if this were certain, the Colours 
of the Globe and Rain- bow ought to appear in a con- 
trary order to what we find. But the Colours of the 
Candle being very faint, the miſtake ſeems to ariſe from 
the difficulty of diſcerning what Colours fall on the 
Eye. For, on the contrary, 1 have ſometimes had oc- 
caſion to obſerve in the Sun's Light refracted by a Priſm, 
that the Spectator always ſees that Colour in the Priſm 
which falls upon his Eye. And the ſame I have found 
true alſo in Candle-Light. For when the Priſm 1s mo- 
ved{lowly from the line which is drawn directly from the 
Candle to the Eye, the red appears firſt in the Priſin and 
then the blue, and therefore each of them is ſeen when 
it falls upon the Eye. For the red paſſes over the Eye 

firſt, and then the blue. | _ 
S, e: 


The Light which comes through Drops of Rain by 
two refractions without = reflexion, ought to appear 
ſtrongeſt at the diſtance. of about 26 degrees from the 
Sun, and to decay gradually both ways: as the diſtance 
from him increaſes and decreaſes. And the ſame is to 
be underſtood of Light tranſmitted through ſpherical 
Hail-ſtones. And if the Hail be a little flatted, as it 
often is, the Light tranſmitted may grow ſo ſtrong at 
a little leſs diſtance than that of 26 degrees, as to form 
a Halo about the Sun or Moon ; which Halo, as often 
as the Hail-ſtones are duly figured may be coloured, 
and then it muſt be red within by the leaſt refrangible 
rays,and blue without by the moſt refrangible ones, eſpe- 
cially if the Hail- ſtones have opake Globules of Snow in 
their center to intercept the Light within the Halo ( as 
Hugenius has obſerved) and make the inſide thereof more 
diſtinctly defined than it would otherwiſe be. For 
ſuch Hail-ftones, though ſpherical, by terminating the 
Light by the Snow, may make a Halo red within and 
colourleſs without, and darker in the red than with- 
out, as Halos uſe to be. For of thoſe rays which paſs 
cloſe by the Snow the rubriform will be leaſt refracted, 
and ſo come to the Eye in the directeſt line. 
The Light which paſſes through a Drop of rain after 
two refractions, and three or more reflexions, is fcarce 
ſtrong enough to cauſe a ſenſible Bow ; but in thoſe Cy- 
linders of Ice by which Hugenius explains the Parbelza, 
it may perhaps be ſenſible. e 
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PROP. X. PRO B. v. 
By tbe diſcovered Properties of Ligbt to explain the per- 


manent Colours of natural Bodies. 


Theſe Colours ariſe from hence, that ſome natural 
Bodies reflect ſome ſorts of rays, others other ſorts more 
copiouſly than the reſt. Minium reflects the leaſt re- 
frangible or red- making rays moſt copiouſly, and thence 
appears red. Violets reflect the moſt refrangible, moſt 
copioufly, and thence have their Colour, and fo of other 
Bodies. Every Body refle&s the rays of its own Colour 
more copiouſly than the reſt, and from their exceſs and 
predominance in the reflected Light has its Colour. 


EXPER. XVII. 


For if the homogeneal Lights obtained by the ſolu- 
tion of the Problem propoſed in the 4th Propofition of 
the firſt Book you place Bodies of ſeveral Colours, you 

will find, as J have done, that every. Body looks moſt 
ſplendid and luminous in the Light of its own Colour. 
Einnaber in the homogeneal red Light is moſt reſplen- 
dent, in the green Light it is manifeſtly leſs reſplen- 
dent, and in the blue Light ſtill lets. Indico. in the 
violet blue Light is moſt reſplendent, and its ſplendor 
is gradually diminiſhed as it is removed thence. by de- 
grees through the green and yellow Light to the red. 
By a Leek the green Light, and next that the blue and 
yellow which compound green, are more * 

N "Toad 
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flected than the other Colours red and violet, and ſo of the 
reſt. But to make theſe Experiments the more manifeſt 


ſuch Bodies ought to be choſen as have the fulleſt and 
moſt vivid Colours, and two of thoſe Bodies are to be 
compared together. Thus, for inſtance, if Cinnaber 
and ultra marine blue, or ſome other full blue be 
held together in the homogeneal Light, they will both 
appear red, but the Cinnaber will appear of a ſtrongly 
luminous and reſplendent red, and the ultra marine 
blue of a faint obſcure and dark red; and if they be 
held together in the blue homogeneal Light they will 
both appear blue, but the ultra marine will appear of 
a ſtrongly luminous and reſplendent blue, ande 
Cinnaber of a faint and dark blue. Which puts 
of diſpute, that the Cinnaber reflects the re Light 
much more copiouſly than the ultra marine doth, aud 
the ultra marine reflects the blue Light much more co- 
piouſly than the Cinnaber doth. The ſame Experiment 
may be tryed ſuccesfully with red Lead and Indico, or 
with any other two coloured Bodies, if due allowance 
be made for the different ſtrength or weakneſs of their 
Colour and Light. ) 

And as the reaſon of the Colours of natural Bodies is 
evident by theſe Experimenrs, ſo it is further confirmed 
and put paſt diſpute by the two firſt Experiments of the 
firſt Book, whereby twas proved in ſuch Bodies that 
the reflected Light which differ in Colours do differ alſo 
in degrees of refrangibility. For thence it's certain, 
that ſome Bodies reflect the more refrangible, others 
the leſs refrangible rays more copiouſly. 


And 
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And that this is not only a true reaſon of theſe Co- 
lours, but even the only reaſon may appear further 
from this conſideration, that the Colour of homogeneal 
Light cannot be changed by the reflexion of natural 
Bodies. | : | 

For if Bodies by reflexion cannot in the leaſt change 
the Colour of any one ſort of rays, they cannot appear 
coloured by any other means than by reflecting thoſe 
which either are of their own Colour, or which by 
mixture muſt produce it. | 

But in trying Experiments of this kind care muſt be 
had that the Light be ſufficiently homogeneal. For if 
Bodies be illuminated by the ordinary priſmatick Co- 
lours, they will appear neither of their own day-light 
Colours, nor of the Colour of the Light caſt on them, 
but of ſome middle Colour between both, as I have 
found by Experience. Thus red Lead (for inſtance ) 
illuminated with the ordinary priſmatick green will 
not appear either red or green, but orange or yellow, 
or between yellow and green accordingly, as the green 
Light by which 'tis illuminated is more or leſs com- 
pounded. For becauſe red Lead appears red when il- 
luminated with white Light, wherein all ſorts of rays 
are equally mixed, and in the green Light all ſorts of 
rays are not equally mixed, the exceſs of the yellow- 
making, green-making and blue-making rays in the 
incident green Light, will cauſe thoſe rays to abound 
ſo much in the reflected Light as to draw the Colour 
from red towards their Colour. And becauſe the red 


Lead reflects the red-making rays moſt copiouſly in 


proportion to their number, and next after them the 
orange-making and yellow-making rays ; theſe rays in 
”. 9 - 
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the reflected Light will be more in proportion to the 
Light than they were in the incident green Light, and 
thereby will draw the refle&ed Light from greerr to- 
wards their Colour. And therefore the red Lead will ap- 
pear neither red nor green,but ofa Colour between both. 
In tranſparently coloured Liquors tis obſervable, 
that their Colour uſes to vary with their thickneſs. 
Thus, for inſtance, a red Liquor in a conical Glaſs 
held between the Light and the Eye, looks of a pale 
and dilute yellow at the bottom where 'tis thin, and a 
little higher where tis thicker grows orange, and where 
tis ſtill thicker becomes red, and where 'tis thickeſt 
the red is deepeſt and darkeſt. For it is to be conceived 
that ſuch a Liquor ſtops the indico- making and violet- 
making rays moſt eaſily, the blue-making rays more 
difficultly, the green-making rays {till more difficultly, 
and the red-making moſt difficultly : And that if the 
thickneſs of the Liquor be only ſo much as ſuffices to 
ſtop a competent number of the violet-making and in- 
dico-making rays, without diminiſhing much the num- 
ber of the reſt, the reſt muſt (by Prop. 6. Lib. 2.) com- 
pound a pale yellow. But if the Liquor be ſo much 
thicker as to ſtop alſo a great number of the blue-making 
rays, and {ome of the green-making, the reſt muſt com- 
pound an orange; and where it is ſo thick as to ſtop 
alſo a great number of the green-making and a conh- 
derable number of the yellow-making, the reſt muſt 
begin to compound a red, and this red muſt grow deeper 
and darker as the yellow making and orange-making 
rays are more and more ſtopt by increaſing the thick- 
neſs of the Liquor, ſo that few rays befides the red- 
making can get through. e 
e Of 
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Of this kind is an Experiment lately related to me by 
Mr. Halley, who, in diving deep into the Sea, found 
in a clear Sun-ſhine day, that when he was ſunk many 
Fathoms deep into the Water, the upper part of his 
Hand in which the Sun ſhone directly through the 
Water looked of a red Colour, and the under part of 
his Hand illuminated by Light reflected from the Water 
below looked green. For thence it may be gathered, 
that the Sea-water reflects back the violet and blue- 
making rays moſt eaſily, and lets the red-making rays 
paſs moſt freely and copiouſly to great depths. For 
thereby the Sun's direct Light at all great depths, by 
reaſon of the predominating red-making rays, muſt 
appear red; and the greater the depth is, the fuller 
and intenſer muſt that red be. And at ſuch depths as 
the violet-making rays ſcarce penetrate unto, the blue- 
making, green-making and yellow-making rays being 
reflected from below more copiouſly than the red-making 
ones, muſt compound a green. 
| Now if there be two Liquors of full Colours, ſup- 
poſe a red and a blue, and both of them ſo thick as 
tuffices to make their Colours ſufficiently full ; though 
either Liquor be ſufficiently - tranſparent apart, yet 
will you not be able to lee through both together. For 
if only the red-making rays paſs through one Liquor, 
and only the blue-making through the other, no rays 
can . paſs through both. This Mr. Hook tried caſually 
with Glaſs-wedges filled with red and blue Liquors, 
and was ſurprized at the unexpected event, the reaſon 
of it being then unknown; which makes me truſt the 
more to his Experiment, though I have not tryed it 
my ſelf. But he that would repeat it, muſt take care 
the Liquors be of very good and full Colours. 
. 8 2 | Now 
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No whilſt Bodies become coloured by reflecting or 
tranſmitting this or that ſort of rays more copiouſly than 
the reſt, it is to be conceived that they ſtop and ſtifle in 
themſelves the rays which they do not reflect or tranſmit. 
For if Gold be foliated and held between your Eye and 
theLight, the Light looks blue, and therefore maſly Gold 
lets into its Body the blue.making rays to be reflected 
to and fro within it till they be ſtopt and ſtifled, whilft 
it reflects the yellow-making outwards, and thereby 
looks yellow. And much after the fame manner that 
Leaf-gold is yellow by reflected, and blue by tranſmit- 
ted Light, and maſſy Gold is yellow in all poſitions of 
the Eye; there are ſome Liquors as the tincture of 
Lignum Nephriticum, and ſome forts of Glaſs which 
_ tranſmit one ſort of Light moſt copiouſly, and reflect 

another ſort, and thereby look of ſeveral Colours, ac- 
cording to the poſition of the Eye to the Light. But if 
theſe Liquors or Glaſſes were ſo thick and maſſy that 
no Light could get through them, I _ not but 
that they would like all other opake Bodies appear of 
one and the fame Colour in all poſitions of the Eye, 
though this I cannot yet affirm by experience. For all 
coloured Bodies, ſo far as my Obſervation reaches, may 
be ſeen through if made ſufficiently thin, and therefore 
are in ſome meaſure tranſparent, and differ only in de- 
grees of tranſparency from tinged tranſparent Liquors; 
theſe Liquors, as well as thoſe Bodies, by a ſufficient 

thickneſs becoming opake. A tranſparent Body which 
looks of any Colour by tranſmitted Light, may alſo 
look of the tame Colour by reflected Light, the Light 


of that Colour being reflected by the further ſurface of 
the Body, or by the Air beyond it. And then the re- 
flected Colour will be diminiſhed, and perhaps ceafe, by 


INA4KIN 
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making the Body very thick, and pitching it on the 


back-fide to diminiſh the reflexion of its further ſurface, 


ſo that the Light reflected from the tinging particles 
may predominate. In ſuch caſes, the Colour of the re- 
flected Light will be apt to vary from that of the Light 
tranſmitted. But whence it is that tinged Bodies and 
Liquors reflect ſome ſort of rays, and intromit or tranſ- 
mit other ſorts, ſhall be ſaid in the next Book. In this 
Propofition I content my ſelf to have put it paſt diſpute, 
that Bodies have ſuch Properties, and thence appear 
coloured. 


PROP. XI. PROB. VI. 


By mixing coloured Lights. to compound a Beam of Light 
of the ſame Colour and Nature with a Beam of-the Sun's 
direct Light, and therein to experience the truth of the 
foregomg Propoſitions. : 


Let AB Cabc repreſent a Priſm by which the Sun's Fig..16:. 
Light let into a dark Chamber through the Hole F, may. 
be refracted towards the Lens MN, and paint upon it 
at p,q,r, s and t, the uſual Colours violet, blue, green, 
yellow and red, and let the diverging rays by the re- 
fraction of this Lens converge. again towards X, and 
there, by the mixture of all hoſerher Colours,compound. 


a white according to what was fhewn above. Then let 


another Priſm DEG deg, parallel to the former, be 


placed at X, to refract that white Light upwards: to- 


wards Y. Let the refracting Angles of the Priſms, 


and their diſtances from the Lens be equal, ſo that the 


rays which converged from the Lens towards X, and 


without refraction, would there have croſſed and diver- 


ged again, may by the refraction of the ſecond Priſm be 


reduced 


E 
reduced into Paralleliſm and diverge no more. For 
then thoſe rays will recompoſe a Beam of white Light 
XY. If the refracting Angle of either Priſm be the 
bigger, that Priſm muſt be ſo much the nearer to the 
Lens. You will know when the Priſms and the Lens 
are well ſet together by obſerving if' the Beam of Light 
-X Y which comes out of the ſecond Priſm be perfectly 
white to the very edges of the Light, and at all diſtan- 
ces from the Priſm continue perfectly and totally white 
like a Beam of the Sun's Light. For till this happens, 
the poſition of the Priſms and Lens to one another muſt 
be corrected, and then if by the help of a long Beam of 
Wood, as 1s repreſented in the Figure, or by a Tube, 
or ſome other ſuch inſtrument made for that purpoſe, 
they be made faft in that fituation, you may try all the 
ſame Experiments in this compounded Beam of Light 
XY, which in the foregoing Experiments have been 
made in the Sun's direct Light. For this compounded 
Beam of Light has the ſame appearance, and is endowed 
with all the ſame Properties with a direct Beam of the 
Sun's Light, ſo far as my Obſervation reaches. And in 
trying Experiments in this Beam you may by ftopping 
any of the Colours p, q, r, s and t, at the Lens, ſee how 
the Colours produced in the Experiments are no other 
than thoſe which the rays had at the Lens before they 
entered the compoſition of this Beam: And by conſe- 
quence that they ariſe not from any new modifications 
of the Light by refractions and reflexions, but from the 
various ſeparations and mixtures of the rays originally 

endowed with their colour- making qualities. 
So, for inſtance, having with a Lens 4. Inches broad, 
and two Priſms on either Hand 6: Feet diſtant from the 
Lens, made fuch à Beam of compounded Light: to 
; 26, . examin 
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examin the reaſon of the Colours made by Priſms, I 
refracted this compounded Beam of Light XM with 
another Priſm HIK kh, and thereby caft the uſual priſ- 
matick Colours POR ST upon the Paper LV placed be- 
hind. , And then by ſtopping any of the Colours p, q, 
r, $, t, at the Lens, | found that the ſame Colour would 
vaniſh at the Paper. So if the purple P was ſtopped at 
the Lens, the purple P upon the Paper would vaniſh, 
and the reſt of the Colours would remain unaltered, 
unleſs perhaps the blue, ſo far as ſome purple latent in 
it at the Lens might be ſeparated from it by the fol- 
lowing refractions. And ſo by intercepting the green: 
upon the Lens, the green R upon the Paper would va- 
niſh, and ſo of the reſt ; which plainly ſhews, that as 
the white Beam of Light X Y was compounded of ſe- 
ve Lights variouſly coloured at the Lens, ſo the Co- 
lours which afterwards emerge out of it by new refra- 
ctions are no other than thoſe of which its whiteneſs _ 
was compounded. The refraction of the Priſm HIK 
kh generates the Colours PORST upon the Paper, 
not by changing the colorific qualities of the rays, but 

by ſeparating the rays which had the very ſame colorific 
qualities before they entered the compoſition of the re- 
fracted Beam white of Light XV. Forotherwiſe the rays. 
which were of one Colour at the Lens might be of ano-- 
ther upon the Paper, contrary to what we find. 

So again, to examin the reaſon of the Colours of na- 
tural Bodies, I placed ſuch Bodies in the Beam of Light 
XV, and found that they all appeared there of thoſe 
their own Colours which they have in Day-light, and. 
that thoſe Colours depend upon the rays which had the 
lame Colours at the Lens before they entred the com: | 

5 e on: 


ſition of that Beam. Thus, for inſtance, Cinnaber illumi- 
nated by this Beam appears of the ſame red Colour as in 
Day-light ; and if at the Lens you intercept the green- 
making and blue-making rays, its redneſs will become 
more Fall and lively : But if you there intercept the red- 
making rays, it will not any longer appear red, but be- 
come yellow or green, or of ſome other Colour, accor- 
ding to the ſorts of rays which you do not intercept. 
So Gold in this Light X Y appears of the ſame yellow 
Colour as in Day-light, but by intercepting at the Lens a 
due quantity of the brats. rays it will appear 
white like Silver (as J have tryed) which ſhews that its 
yellowneſs ariſes from the exceſs of the intercepted rays 
tinging that whiteneſs with their Colour when they are 
let paſs. So the infuſion of Lignum Nephriticum (as ] 
have alſo tryed) when held in this Beam of Light X V, 
looks blue by the reflected part of the Light, and yellow 
by the tranſmitted part of it, as when 'tis viewed in Day- 
light, but if you intercept the blue at the Lens the intu- 
ſion will loſe its reflected blue Colour, whilſt its tranſ- 
mitted red remains perfect and by the loſs of ſome blue- 
making rays wherewith it was allayed becomes more in- 
tenſe and full. And, on the contrary, if the red and orange- 
making rays be intercepted at Lens, the infuſion will 
loſe its tranſmitted red, whilſt its blue will remain and 
become more full and perfect. Which ſhews, that the in- 
fuſion does not tinge the rays with blue and yellow, but 
only tranſmit thoſe moſt copiouſſy which were red-ma- 
king before, and refle&s thoſe moſt copiouſly which were 
blue-making before. And after the ſame manner may the 
reaſons of other Phænomena be examined, by trying 


them in this artificial Beam of Light X X. FOE. 
THE 
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SECOND BOOK 
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PART I. 
Obſervations concerning the Reflex ions, Refractions, and 
Colours of thin tranſparent Bodies. 


T has been obſerved by others that tranſparent 
| Subſtances, as Glaſs, Water, Air, &c. when made 
very thin by being blown into Bubbles, or otherwiſe 
formed into Plates, do exhibit various Colours accor- 
ding to their various thinneſs, although at a greater 


— * — 


thickneſs they appear very clear and colourleſs. In 


the former Book 1 forbore to treat of theſe Colours, 
becauſe they ſeemed of a more difficult conſideration, 


and were not neceſſary for eſtabliſning the Properties 


of Light there diſcourſed of. But becauſe they may 
conduce to further diſcoveries for completing the 
Theory of Light, eſpecially as to the conſtitution of 
the parts of natural Bodies, on which their Colours or 
Tranſparency depend; I have here ſet down an ac- 
count of them. To render this Diſcourſe ſhort and 
diſtin, I have firſt deſcribed the principal of my 

| Aa Obſer ” 
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ſenſible Light was reflected from thence, as from other 


laces; and when looked through it ſeemed (as it were) 
a hole in that Air which was formed into a thin Plate, 


y being compreſſed between the Glaſſes. And through 


this hole Objects that were beyond might be ſeen di- 


ſtinctly, which could not at all be ſeen through other 
parts of the Glaſſes where the Air was interjacent. Al- 
though the Glaſſes were a little convex, yet this tranſ- 
ent Spot was of a conſiderable breadth, which breadth 


— principally to proceed from the yielding inwards 


” 


preflure. For by preffing them very hard together it 
would become much broader than otherwiſeQ. 
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When the Plate of Air, by turning the Priſms about 


their common Axis, became ſo little inclined to the in- 
cident Rays, that ſome of them began to be tranſmit- 
ted, there aroſe in it many ſlender Arcs of Colours 
which at firſt were ſhaped almoſt like : Canghgid, 
as you ſee them delineated in the firſt Figure. And E * 
by continuing the motion of the Priſms, theſe Tem 10+ 
creaſed and bended more and more about the ſaid tranſ- 
parent Spot, till they were completed into Circles or 
Rings incompaſling ; it, and afterwards continually grew 
more and more contracted. 

Theſe Arcs at their firſt appearance were of a violet 
and blue Colour, and between them were white Arcs 
of Cireles, which preſently by continuing the motion of 
the Priſms became a little tinged in their inward Limbs 
with red and yellow, and to —— outward Limbs the 
blue was adjacent. 80 that the order of theſe Colours 
from the central dark Spot, was at that time white, 
blue, violet; black; red, orange, yellow, White; blue, 
violet, tc. But the yellow and red were much Mainzer 
than che blue and violet. 

The motion of the Priſms about their dais being con- 

inued, theſe Colours contracted more and more, ſlrink- 
ing towards the whiteneſs on either fide of it, until they 
totally vaniſhed into it. And then the Circles in the 
parts appeared black and white, without any other Co- 
lours intermixed. But by further moving the Priſms 
about, the Colours again emerged out of the whiteneſs, 
the violet and blue as 05 in ward Limb, and at its — 
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n 
ward Limb the red and yellow. So that now their order 
from the central Spot was white, yellow, red; black ; 
violet, blue, white, yellow, red, Oc. contrary to what 
„ HTS 19 1 32% 1 


OBS. FEE:.:: 


WMWuben the Rings or ſome parts of them appeared only 
_ * black and white, they were very diſtin and well de- 
fined, and the backneſs ſeemed as intenfe as that of 
the central Spot. Alſo in the borders of the Rings, 
where the Colours began to emerge out of the white- 
neſs, they were pretty diſtin, which made them vi- 
fible to a very great Multitude. I have ſometimes 
numbred above thirty Succeſſions ( reckoning every 
black and white Ring for one Succeſſion) and ſeen 
more of them, which by reaſon of their ſmalneſs I could 
not number. But in other Poſitions of the Priſms, at 
which the Rings appeared of many Colours, I could not 
diſtinguiſh above eight or nine of them, and the exte- 
rior of thoſe were very confuſed and dilute. 

In theſe two Obſervations to ſee the Rings diſtinct, 
and without any other Colour than black and white, I 
found it neceſſary to hold my Eye at a good diſtance 
from them. For by approaching nearer, although in the 
ſame inclination of my Eye to the plane of the Rings, 
there emerged a blueiſh Colour out of the white, 
which by dilating it felf more and more into the black 
rendred the Circles leſs diſtinct, and left the white a 
little tinged with red and yellow. I found alſo by 
looking through a ſlit or oblong hole, which was 
narrower than the Pupil of my Eye, and held cloſe to 


n £ =» 
it parallel to the Priſms, I could ſee the Circles much 
diſtincter and viſible to a far greater number than 


otherwiſe. 
O B S. IV. 


Io obſerve more nicely by the order of the Colours 
which aroſe out of the white Circles as the Rays be- 


came leſs and leſs inclined to the plate of Air; I took 


two Object Glaſſes, the one a Plano-convex for a four- 
teen-foot Teleſcope, and the other a large double con- 
vex for one of about fifty-foot; and upon this, laying the 
other with its its plane-hde downwards, I preſſed them 
flowly together, to make the Colours ſucceſſively emerge 


in the middle of the Circles, and then ſlowly lifted 


the upper Glaſs from the lower to make them ſucceſ- 
fively vaniſh again in the ſame place. The Colour, 
which by preſſing the Glaſſes together emerged laſt in 


the middle of the other de er. would upon its firſt 


appearance look like a Circle of a Colour almoſt uni- 
form from the circumference to the center, and by 
compreſſing the Glaſſes ſtill more, grow continually 
broader until a new Colour emerged in its center, and: 
thereby it became a Ring encompaſſing that new Co- 


lour. And by comprefling the Glaſſes till more, the 


Diameter of this Ring would encreaſe, and the breadth 
of its Orbit or Perimeter decreaſe until another new 
Colour emerged in the center of the laſt : And fo on 


until a third, a fourth, a fifth, and other following 


new Colours ſucceſſively emerged there, and. became 
Rings encompaſſing the innermoſt Colour, the laſt of 
which. was. the black Spot. And, on the contrary, by 


lifting 
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lifting up the upper Glaſs from the lower, the diameter 
of the Rings would decreaſe, and the breadth of their 
Orbit encreaſe, until their Colours reached ſucceſſively 
to the center; and then they being of a conſiderable 
breadth, I could more eafily diſcern and diſtinguiſh 
their Species than before. And by this means J ob- 
ſerved their Succeſſion and Quantity to be as fol- 
Next, to the pellucid central Spot made by the con- 
tact of the Glaſſes ſucceeded blue, white, yellow, and 
red, the blue was ſo little in quantity that I could not 
diſcern it in the circles made by the Priſms, nor could 
I well diſtinguiſh any violet in it, but the yellow and 
red were pretty copious, . and ſeemed about as much 
in extent as the white, and four or five times more 
than the blue. The next Circuit in order of Colours 
immediately encompaſſing theſe were violet, blue, 
green, yellow, and red, and theſe were all of them co- 
owe and vivid, excepting the green, which was-very 
little in quantity, and ſeemed much more faint and 
dilute than the other Colours. Of the other four, 
violet was the leaſt in extent, and the blue leſs than 
the-yellow or red. The third Circuit or: Order was 
purple, blue, green, yellow, and red; in which the 
purple ſeemed more reddiſn than the violet in the 
former Circuit, and the green was much more conſpi- 
cuous, being as briſque and copious as any of the other 
Colours, except the yellow; but the red began to be 
à little faded, inclining very much to purple. After 
this ſucceeded the fourth Circuit of green and red. The 
green was very copious and lively, inclining on the one 
ide to blue, and on the other fide to yellow. But in 
| this 
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this fourth Circuit there was neither violet, blue, nor | 
yellow, and the red was very imperfect and dirty. C | 
Alſo the ſucceeding Colours became more and more im- (|| 
perfect and dilute, till after three or four Revolutions bl 
they ended in perte& whiteneſs. T heir Form, when the [! 
Glaſſes were moſt compreſſed ſo as ro make the black = 
MM appear in the Center, is delineated in the Second 
1gure; where a, 4,c,d,e:f,o,hb,ik:l,m,n,o, p:q r: Fig. 2. bl | 
s,t: vj K y denote the Colours reck'ned in order from | || 
the center, black, blue, white, yellow, red : violet, Il || 
blue, green, yellow, red : purple, blue, green, yellow, = | 
red: green, red: greeniſh blue, red: greeniſh blue, 1 
pale red: greentſh blue, reddifh white. ie | 


1 
” * ol 1 [ 
. 8 $: 

= 

; ; 1 N — - 4 . ; n E 5 # ö 5 
, | — 15 1 
. y - " * , 

1 

" 


To determine the interval of the Glafles, or thick- I 
neſs of the interjacent Air, by which each Colour was 184 
produced, I meaſured the Diameters of the firſt fix = 
Rings at the moſt lucid part of their Orbits, and ſqua- 
ring them, I found their Squares to be in the Arith- 15 
metical Progreſſion of the odd Numbers, I. 3. 5. J. 9. 11. 1 
And ſince one of theſe Glaſſes was Plain, and the other 
Spherical, their Intervals at thoſe Rings muſt be in the 4 
ſame Progreſhon. J meaſured alſo the Diameters of an 
the dark or faint Rings between the more lucid Co- — 
lours, and found their Squares to be in the Arithme- 
tical Progreſſion of the even Numbers, 2. 4. 6. 8. 10. 12. 
And it being very nice and difficult to take theſe mea- 
fures exactly; I repeated them at divers times at divers 


parts of the Glaſſes, that by their Agreement I might 1m 
be confirmed in them. And the fame Method J uſed in lj 


deter- | 
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83 
determining ſome others of the following Obſerya- 
tions. 7 


OBS. VI. 
The Diameter of the fixth Ring at the moſt lucid 


part of its Orbit was £ parts of an Inch, and the Dia- 


meter of the Sphere on which the double convex Ob- 
ject-Glaſs was ground was about 102 Feet, and hence 
I gathered the thickneſs of the Air or Aereal Interval 


of the Glaſſes at that Ring. But ſome time after, ſuſ- 


pecting that in making this Obſervation I had not de- 
termined the Diameter of the Sphere with ſufficient ac- 
curateneſs, and being uncertain whether the Plano- 
convex Glaſs was truly plain, and not ſomething con- 
cave or convex on that fide which I accounted plain; 


and whether I had not preſſed the Glaſſes together, as 


I often did, to make them touch. (for by preſſing ſuch 
Glaſſes together their parts eafily yield inwards, and 
the Rings thereby become ſenſibly broader than they 
would be, did. the Glaſſes keep their Figures.) I re- 


peated the Experiment, and found the Diameter of 


the ſixth lucid Ring about & parts of an Inch. I re- 
peated the Experiment alſo with ſuch an Object-Glaſs 
of another Teleſcope as I had at hand. This was a double 
convex ground on both fides. to one and the ſame 
Sphere, and its Focus was diftant from it 83; Inches. 
And thence, if the Sines of incidence and refraction of 


the bright yellow Light be aſſumed in proportion as 


11 to 17, the Diameter of the Sphere to which the 
Glaſs was figured will by computation be found 182 In- 
ches. This Glaſs I laid upon a flat one, ſo that the 

Oe OE black 
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. 
black Spot appeared in the middle of the Rings of Colours 
without any other preſſure than that of the weight of 
the Glaſs. And now meaſuring the Diameter of the 
fifth dark Circle as accurately as | could, I found it the 
fifth part of an Inch preciſely. This meaſure was taken 
with the points of a pair of Compaſles on the upper ſur- 
face on the upper Glaſs, and my Eye was about eight 
or nine Inches diftance from the Glaſs, almoſt perpen- 
dicularly over it, and the Glaſs was g of an Inch thick, 
and thence it is eaſy to collect that the true Diameter 


of the Ring between the Glaſſes was greater than its 


meaſured Diameter above the Glaſſes in the proportion 
of 80 to 79 or thereabouts, and by conſequence equal 
to & parts of an Inch, and its true Semi-diameter equal 
to = parts. Now as the Diameter of the Sphere (182 In- 
ches) is to the Semi-diameter of this fifth dark Ring 
(= parts of an Inch) ſo is this Semi-diameter to the 


_ thickneſs of the Air at this fifth dark Ring; which is 


therefore h or i parts of an Inch, and the fifth 
part thereof; viz. the th part of an Inch, is the 
thickneſs of the Air at the firſt of theſe dark Rings. 

The ſame Experiment I repeated with another dou- 
ble convex Object-glaſs ground on both ſides to one and 
the ſame Sphere. Its Focus was diſtant from it 1687 
Inches, and therefore the Diameter of that Sphere was 
184 Inches. This Glaſs being laid upon the ſame 
plain Glaſs, the Diameter of the fifth of the dark 


Rings, when the black Spot in their center appeared 
plainly without preſſing the Glaſſes, was by the mea- 


ſure of the Compaſſes upon the upper Glaſs Z parts 
of an Inch, and by conſequence between the Glaſſes it 
was es. For the upper * of an Inch 1 
. an 


[10] 
and my Eye was diftant from it 8 Inches. Anda third 
proportional to half this from the Diameter of the 
Sphere is x; parts of an Inch. This is therefore the 
thickneſs of the Air at this Ring, and a fifth part there- 
of, vix. the th part of an Inch is the thickneſs. there- 
of at the firſt of the Rings as above. 4 
I tryed the ſame thing by laying theſe Object-Glaſſes 
upon flat pieces of a broken Looking-glaſs, and found. 
the ſame meaſures of the Rings : Which makes me 
rely upon them till they can be determined more ac- 
curately by Glaſſes ground to larger Spheres, though. 
* Glaſſes greater care muſt be taken of a true 
plain. a 
N Theſe Dimenſtons were taken when my Eye was 
placed almoſt perpendicularly over the Glaſſes, being 
about an Inch, or an Inch and a quarter, diſtant from 
the incident rays, and eight Inches diſtant from the 
Glaſs; ſo that the rays were inclined to the Glaſs in an 
Angle of about 4 degrees. Whence by the following 
Obſervation you will underſtand, that had the rays 
been Aue ben l to the Glaſſes, the thickneſs of the 
Air at theſe Rings would have been leſs in the propor- 
tion of the Radius to the ſecant of 4 degrees, that is of 
Toooo. Let the thickneſſes found be therefore dimi- 
niſhed in this proportion, and they will become = and 


83940 
5» or (to uſe the neareſt round number) the th 


part of an Inch. This is the thickneſs of the Air at the 
darkeſt part of the firſt dark Ring made by perpendi- 
cular rays, and half this thickneſs multiplied by the 
progreſſion, 1, 3, 57,9, 11, Hc. gives the thickneſſes of the 
Air at the moſt luminous parts of all the brighteſt 


Rings, viz. e, Je, ma pz, Oc their arithmetical 
1 means 


. 1 
means , Ns, I, Oc. being its thickneſſes at the 
darkeſt parts of all the dark ones. | | 


OBS. VI. 


The Rings were leaſt when my Eye was placed per- 
ere ee over the Glaſſes in the Axis of the Rings: 
And when I viewed them obliquely they became big- 

ger, continually ſwelling as I removed my Eye further 
trom the Ax1s. And partly by meaſuring the Diameter 
of the ſame Circle at ſeveral obliquities of my Eye, 
partly by other means, as alſo by making uſe of the 
two Priſms for very great obliquities. I found its Dia- 
meter, and conſequently the thickneſs of the Air at its 
perimeter in all thoſe obliquities to be very nearly in the 
proportions expreſſed in this Table. N 


Angle of In- Angle of Re- | Diameter of | Thickneſs of 
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1 
In the two firſt Columns are expreſſed the obliquities 
of the incident and emergent rays to the plate of the 


Air, that is, their angles of incidence and refraction. In 


the third Column the Diameter of any coloured Ring 
at thoſe obliquities is expreſſed in parts, of which ten 
conſtitute that Diameter when the rays are perpendicu- 
lar. And in the fourth Column the thickneſs of the Air 
at the circumference of that Ring is expreſſed in parts 
of which alſo ten conſtitute that thickneſs when the rays 


are perpendicular. 


And from theſe meaſures I ſeem to gather this Rule: 
That the thickneſs of the Air is proportional to the ſe- 
cant of an angle, whoſe Sine 1s a certain mean propor- 
tional between the Sines of incidence and refraction. 
And that mean proportional, ſo far as by theſe meafures 
J can determine it, is the firſt of an hundred and fix 


arithmetical mean proportionals between thoſe Sines 


counted from the Sine of refraction when the refra- 
Aion is made out of the Glaſs into the plate of Air, or 


from the Sine of incidence when the refraction is 


made out of the plate of Air into the Glaſs. 
OBS. VIII. 
The dark Spot in the middle of the Rings increaſed 


alſo by the obliquation of the Eye, although almoſt in- 
ſenſibly. But if inſtead of the Object-Glaſſes the Priſms 


were made uſe of, its increaſe was more manifeſt when 


viewed ſo obliquely that no Colours appeared about it. 


It was leaft when the rays were incident moſt obliquely | 


on the interjacent Air, and as the obliquity decreaſed 
it increaſed more and more until the coloured Rings ap- 
peared, 


[13] 

ared, and then decreaſed again, but not ſo much as 
it increaſed before. And hence it is evident, that the 
tranſparency was not only at the abſolute contact of the 
Glafles, but alſo where they had ſome little interval. 
I have ſometimes obſerved the Diameter of that Spot to 
be between half and two fifth parts of the Diameter of 
the exterior circumference of the red in the firſt cir- 
cuit or revolution of Colours when viewed almoſt per- 
pendicularly ; whereas when viewed obliquely it hath 
wholly vaniſhed and become opake and white like the 
other parts of the Glaſs ; whence it may be collected 
that the Glafles did then ſcarcely, or not at all, touch 
one another, and that their interval at the perimeter 
of that Spot when viewed perpendicularly was about a 
fifth or fixth part of their interval at the circumference 
of the ſaid red. 1 


O B S. IX. 


By looking through the two contiguous Object- 
Glaſſes, I found that the inter jacent Air exhibited Rings 
of Colours, as well by tranſmitting Light as by reflect- 
ing it. The central Spot was now white, _ from it 
the order of the Colours were yellowiſh red ; black ; 
violet, blue, white, yellow, red ; violet, blue, green, 
yellow, red, H. But theſe Colours were very faint 
and dilute unleſs when the Light was traje&ed very 
obliquely through the Glaſſes : For by that means they 
became pretty vivid. Only the firſt yellowiſh red, like 
the blue in the fourth Obſervation, was ſo little and 
taint as ſcarcely to be diſcerned. Comparing the co- 
loured Rings made by reflexion, with theſe made by 
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tranſmiſſion of the Light; I found that white was op- 
poſite to black, red to blue, yellow to-violet, and green 
to a compound of red and violet. That is, thoſe parts 
of the Glaſs were black when looked through, which 
when looked upon appeared white, and on the con- 
trary. And ſo thoſe which in one caſe exhibited blue, 
did 1n the other caſe exhibit red. ' And the like of the 
other Colours. The manner you have repreſented in 
the third Figure, where AB, CD, are the ſurfaces of 
the Glaſſes contiguous at E, and the black lines be- 
tween them are their diſtances in arithmetical progreſ- 
fion, and the Colours written above are ſeen by re- 


flected Light, and thoſe below by Light tranſmitted. 


Wetting the Object-Glaſſes a little at their edges, 
the water crept in ſlowly between them, and the Cir- 
cles thereby became If? and the Colours more faint : 
Inſomuch that as the water crept along one half of 
them at which it firſt arrived would appear-broken off 
from the other half, and contracted into a leſs room. 
By meaſuring them I found the proportions of their 
Diameters to the Diameters of the like Circles made by 
Air to be about ſeven to eight, and conſequently the in- 
tervals of the Glaſſes at like Circles, cauſed by thoſe 
two mediums Water and Air, are as about three to four. 
Perhaps it may be a general Rule, That if any other 
medium more or leſs denſe than water be compreſſed 
between the Glaſſes, their intervals at the Rings cauſed 
thereby will be to their intervals cauſed by * 

Air, 


0 15 4 
Air, as the Sines are which meaſure the refraction made 
out of that medium into Air. 
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When the water was between the Glaſſes: if I preſ- 
ſed the upper 7805 variouſly at its edges to make the 
Rings move nimb 4. from one place to another, a little 
white Spot would immediately follow the center of 
them, which upon creeping in of the ambient water 
into that place would preſently vaniſh. Its appearance. 
was ſuch as interjacent Air would have cauſed, and it 
exhibited the ſame Colours. But it was not Air, for 
where an bubbles of Air were in the water they would 
not yaniſh. The reflexion muſt have rather been cauſed” 
by a ſubtiler medium, which could recede through. the 
Claſſes at the crerhing in of the water. 
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Theſe Obſervations were TORY in REY open Air. But 
further to examin the effects of coloured Light falling 
on the Glaſſes, I darkened the Room, and viewed them 
by reflexion of the Colours of a Priſm caſt on a Sheet 
of white Paper, my Eye being ſo placed that I could. 
ſee the coloured Paper by reflexion in the Glaſſes, as 
in a Looking-glaſs. And by this means the Rings 'be-- 
came diſtincter and. viſible to a far greater number than 
in the open Air.. I have ſometimes ſeen more than 
twenty of them, whereas in the open Air I could not 
diſcern above eight or nine. 
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Appointing an aſfiſtant to move the Priſm to and 
fro about its Axis, that all the Colours might ſucceſ- 
fively fall on that part of the Paper which I faw'by 
reflexion from that part of the Glaſſes, where the Cir- 
cles appeared, fo that all the Colours might be ſucceſ- 
fively reflected from the Circles to my Eye whilſt I held 
it immovable, I found the Circles w ich the red Light 
made to be manifeſtly bigger than thoſe which were 
made by the blue and violet. And it was very plea- 
ſant to ſee them gradually ſwell or contract according 
as the Colour of the Light was changed. The inter- 
val of the Glaſſes at any of the Rings when they were 
made by the utmoſt red Light, was to their interval at 
the ſame Ring when made bythe utmoſt violet, greater 
than as 3 to 2, and leſs than as 13 to 8, by the moſt of my 
Obſervations it was as 14 to 9. And this proportion 
ſeemed very nearly the fame in all obliquities of my 
Eye unleſs when two Priſms were made uſe of inſtead 
f the Obje&-Glaſſes, For then at a certain great 
obliquity of my Eye, the Rings made by the ſeveral 
Colours ſeemed equal, and ar a gester obliquity thoſe 
made by the violet would be greater than the ſame 
Rings made by the red. The refraction of the Priſm 
in this caſe cauſing the moſt refrangible rays to fall 
more obliquely on that plate of the Air than the leaſt 
refrangible ones. Thus the Experiment ſucceeded in 
the coloured Light, which was ſufficiently ftrong and 
copious to make the Rings ſenſible. And thence it 
may be gathered, that if the moſt refrangible and leaſt 


refran- 


E. 
refrangible rays had been copious enough to make the 
Rings ſenſible without the mixture of other rays, the 

roportion which here was 14 to 9 would have been a 
little greater, ſuppoſe 14 ; or 14 ; to 9. Borda 


OB S. XIV. 


Wbilſt the Priſm was turn'd about its Axis with an 
uniform motion, to make all the ſeveral Colours fall 
ſucceſſively upon the Object-Glaſſes, and thereby to 
make the Rings contract and dilate: The contraction 
or dilation of each Ring thus made by the variation of 
its Colour was ſwifteſt in the red, and ſloweſt in the 
violet, and in the intermediate Colours it had inter- 
mediate degrees of celerity. Comparing the quantity 
of contraction and dilation made by all the degrees of 
each Colour, I found that it was greateſt in the red; 
leſs in the yellow, till leſs in the blue, and leaſt in the 
violet. And to make as juſt an eſtimation as] could of the 
- proportions of their contractions or dilations, I obſerved 
that the whole contraction or dilation of the Diameter 
of any Ring made by all the degrees of red, was to that 
of the Diameter of the ſame Ring, made by. all the de- 
grees of violet, as about four to three, or five to four, and 
that when the Light was of the middle Colour between 
yellow, and green, the Diameter of the Ring was very 
nearly an arithmetical mean between the greateſt Dia- 
meter of the ſame Ring made by the outmoſt red, and 
the leaſt Diameter thereof made by the outmoſt violet: 
Contrary to what happens in the Colours of the oblong 
Spectrum made by the refraction of a Priſm, where the 
red is moſt contracted , the 147 moſt expanded, and 
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in the ij att of all the Colours is the confine of green 


and blue. And hence 1 ſeem to collect that the thick- 
eftes of the Air between the Glaſſes there, where the 
Ring is ſucceſhvely made by the limits of the five prin- 
cipal Colours (red, yellow, green, blue, violet) in order 
( that 1s, by the extreme red, by the limit of red and 
35 in the 111 1 of the orange, by the limit of 


ellow and green, by the limit of green and blue, by 
ke limit of blue and violet in the middle of the in- 
digo, and by the extreme violet ) are to one another 


very nearly as the fix lengths of a Chord which found 


oe notes in a fixth Major, ſol, Ia, mi, fa, ſol, la. But 
agrees fomething better with the Obfe vation to ſay, 


wo the thicknefſes of the Air between the Glaſſes there, 


Where the Rings are ſucceſſively made by the limits of ” 
the ſeven Colours, red: 2 Orange, yellow, green, blue, in- 


dige, violet in 2 ler, are + 0 One LT as the Cube- 


roots of the. Squares of the eight lengths of 'a Chord, 
which ſound the notes in an eighth, ſol, Ja, fa, fol. la, 


m, fa, ſol ; that is, as the Cu e-roots of the On 
RR Nude, webos? 
e 


Thel Kings were not of various Coons ike thoſe 


Wale in this Open Air, büt appeared alf over of that 


rilmatique Chlor only. with which" 


immediately upon the Glaſſes, T found that the I ight 
Which. Hen the dark 8. actes which Were bety 
© Glgbred Rings , was trantniceed” through 
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| white Paper placed behind, it would paint Rings of 
the ſame Colour withithofe which Tp reflected, and 


of the bigneſs of their immediate Spaces. And from 


thence the origin of theſe Rings is wa. namely, 
That the Air between the Glafle „according ta its | va- 
rious thickneſs, is diſpoſed in fame. 9 5 to reflect, 
and in others to tranſmit the Li ght of auy one Co- 


lour (as = may ſee repreſented in the fourth Fi ee Fig. 4. 


and in the ſame place to reflect that ae one 
where it tr anſmits 1 Kal another. ICS 


OBS. XVI. 


The Squares of the Dianaors of theſe 2 Rings age 
by any priſmatique Colour were in arithmetical pro- 
greſſion as in the fifth Obſervation. And the Diameter 
— the fixth Circle, when made by the citrine yellow, 
and viewed almoſt perpendicularly was about 2 parts 
of an Inch, or a little less, agreeable to the fixth. Ob⸗ 
ſervation. 

The precedent Obſervations were 1 with 2 rarer 
thin — — terminated by a denſer as Was Aix 
or Water compreſſed between two Gia 1 fu. thoſe 
that follow are ſet down the 3 e oe A denſer 
medium thin'd within a, rarer, 
Muſcovy-glaſs, Bubbles of Mater, Frome beth 
ſubſtances terminated on all aer Wen Ws! | yd- 
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Sits en TIL! 
If a Bubble be blown with Water firſt made tenacious 


vation, that after a while it will appear tinged with a 


[4 1 - 
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great variety of Colours. To defend theſe Bubbles 
from being agitated by the external Air (whereby their 
Colours are SG attlarly moved one among another, fo 
that no accurate Obſervation can be made of them,) as 
ſoon as | had blown any of them I covered it with a 
clear Glaſs, and by that means its Colours emerged in 
a a very + N order, like ſo many concentrick Rings 
incompaſſing the top of the Bubble. And as the 
Bubble grew thinner by the continual ſubſiding of the 
Water, theſe Rings dilated {lowly and over-ſpread the 
whole Bubble, deſcending in order to the bottom of it, 
where they vaniſhed ſucceſſively. In the mean while, 
after all the Colours were emerged at the top, there 
grew in the Center of the Rings a ſmall round black 
Spot, like that in the firſt Obſervation, which conti- 
nually dilated it ſelf till it became ſometimes more than 
Y'or of an Inch in breadth before the Bubble broke. 
At firſt thought there had been no Light reflected from 
the Water in that place, but obſerving it more cu- 
riouſſy, I faw within it feveral ſmaller round Spots, 
which appeared much blacker and darker than the reſt, 
whereby I knew that there was ſome reflexion at the 
other places which were not ſo dark as thoſe Spots. 
And by further tryal I fouud that I could ſee the Images 
of ſome things (as of a Candle or the Sun) very faint- 
ly reflected, not only from the great black Spot, but 

| . e alſo 


C213 
[ſo from the little darker Spots which were with- 
in Ie. % 
Beſides the aforeſaid coloured Rings there would 
often appear ſmall Spots of Colours, aſcending and de- 
ſcending up and down the ſides of the Bubble, by reaſon 
of ſome-inequalities in the ſubſiding of the Water. 
And ſometimes ſmall black Spots 5 at the ſides 
would aſcend up to the larger bla Sk Spot ar at the top of 
the ang; and unite with it. 


OB 8. XVIII. 


Becauſe the Colours of theſe Bubbles were more ex- 
tended and lively than thoſe of the Air thin d. between 
two Glaſſes, and ſo more eaſy to to diſtinguiſhed , I 
ſhall here give yo ou a further deſcription of their or der, 
as they were obſerved in viewing them. by reflexion of 
the Skies when. of a White Colour, whill a black Sub- 
ſtance was placed behind the Bubble. And they were 
theſe, red, blue; red, blue; red, blue; red, green; 

red, yellow, green, blue, purple; red, yellow, green, 
blue, violet; red, yellow, white, blue, black. . 

The three firſt Succeffions of red and blue were very 
dilute and dirty, eſpecially the firſt, where the red 
ſeemed in a manner to be white. Among theſe there 

was ſcarce any other Key ſenſible beſides red and 
blue, only the blues ( and pri cipally the ſecond blue ) 
inclined a little to green. 

The fourth red was alſo dilute and dirty, but not 
ſo much as the former three ; after that ſucceeded little 
or no yellow, but a copious green, which at firſt incli- 


ned a litle to yellow, and then became a.pretty 1 
an 


(45) 
and good willbd / green, and afterwards changed! to a 
bluiſh Colour; but there ſucceeded neither blue nor 
be fifth a at firſt tnalined very much to WY 
Sit alter watcds became möre bright and briſque;/ but 
& not very "pare: This Was ſueceeded with a very 
bright and intenſe yell "which was but little in 
quantity, and Toon changed to gleen: But that green 
was copious and ſomething dee pure, eh deep and lively, 
than the former green. After that followed an excel- 
lent blue of a bright 8K ky-colour; ; and then a purple, 
which was leſs 1 in. quantity than the ANG, and much 8 
inclined to red. - 
1 beck Red was at firſt i i a very fait and. lively 
Scarlet, and ſdon after of a brighter Colour, being 
very pure and briſque, and the beſt of all the 
reds. Then after a lively orange followed an intenſe 
bright und *copious « Mow, which: was alſo the beſt 
of-a the yellow, 4 d-this changed firſt to a greeniffi 
yellow, ant then to # greeniſh blue; but the groen 
between the yetlow and the blue, was very little and 
dilute, ſeeming rather u #reeniſh white than à green. 
The blue which fucceeded became very good, and of a 
be fg brigfit sky-cotour, but yet fomerhing inferior 
tb the-former blue; and the violet was intenſe and 
oY with little or no redneſs in it. And leſs in quan- 
tity than the blue. 

In the laſt red E a cinfuee of fearlet next 
to violet, which foon changed to a brighter Colour, 
inchnin 5 t0 an orange and the yellow which followed 
was at hift pretty good and lively, but afterwards it 
grew more ike: l by degrees it ended in perfect 
whute- 
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whiteneſs. And thus whiteneſs, if the Water was very 
tenacious and well tempered, would N ſpread and 
dilate it ſelf over the greater part of the Bubble; con- 
tinually growing paler at the tbp,) where at length it 
would crack in many places, and thoſe cracks, as they 
dilated, would appear of a pretty good, but yet obſcure 
and dark sky-colour; the white between the blue Spots 
diminiſhing, until it reſembled the threds of an irre- 
oular Net! work, and ſoon after vaniſhed and left al 
the upper part 'of the Bubble of the iſaid/ dark blue 
Colour. And this Colour, after the aforeſaid manner, 
dilated it ſelf downwards; Until ſometimes it hath 
overſpread the whole: Bubble. In the mean while. ar 
the top, which was of a darker blue than the bottom, 
and appeared alſo full of many round blue Spots, ſome: 
thing darker than the reſt, there would emerge one 
or more very black Spots, and! within thoſe other Spots 
of an interiler blackneſs; lich & mentioned in the 
former Obſervation; ons: theſe continually, dilated 
themſelves until the Bubble broke e Ee 
If the Water was udt weoy-tenacious tlreſblack Spots 
wade) break:forth in the white, without any ſenſible 
imetvetition'uF-vhe! blue. And Jotnetimes they. would 
break forth within the precedent yellow, ur red, or 
perhaps within the blue of the ſecend order, belle 
the ifitermediine Colours _ time to diſplay them- 
feldes Ig tho nt t S193 261013 l: mot 
By this Jeſeoiptaſt you- may percei ve Kok great am 
affinity 'theſe Coleurs have with thoſe of, Air defcri- 
bed iin che fourth bſeridtion,! though ſet; down in 
a contrary: ortier;! by reaſon that they Degin tu appear 
Wee" the Bubble is thickeſt, and are moſt conve- 
niently 
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Viewing in. ſeveral oblique poſitions 'of my Eye 
the Rings of Colours emerging on the top of the Bubble, 
J found that they were ſenfibly dilated by increaſing 
the obliquity, but yet not ſo much by far as thoſe 


made by thin'd Air in the ſeventh Obſervation. For 
there they were dilated ſo much as, when viewed 
moſt obliquely, to arrive at a. part of the plate more 
than twelve times thicker than that where they ap- 
peared when viewed perpendicularly ; whereas in this 
caſe the thickneſs of the Water, at which they arrived 
when viewed moſt obliquely, was to that thickneſs. 
which exhibited them by perpendicular rays, ſome- 
thing leſs than as 8 to 5. By the beſt of my Obſervations 
it was between 15 and 15: to 10, an inereaſe about 
24 times leſs than in the other caſe. 
Sometimes the Bubble would become of an uniform 
uickneſs all over, except at the top of it near the black 
Spot, as I knew, becauſe. it. would exhibit the ſame 
appearance of Colours in all poſitions of the Eye. And 
then the Colours which were ſeen at its apparent cir- 
_cumference! by the obliqueſt rays, would be different 
from thoſe that were ſeen in other places, by rays leſs 
oblique to it. And divers Spectators might ſee the 
ſame part of it of differing Colours, by viewing it at 
very differing obliquities. Now obſerving how much 
the Colours at the ſame places of the Bubble, or at di- 
vers places of equal thickneſs, were varied by the 


ſeveral 


niently reckoned from the loweft-and thickeſt part of 
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| ſeveral obliquities of the rays; by the aſſiſtance of the 
Ath, 14th, 16th and 18th Obſervations, 'as they are 
hereafter explained, I collect the thickneſs of the Water 
requiſite to exhibit any one and the ſame Colour, at ſe- 
veral obliquities, to be very nearly in the proportion 
expreſſed in this Table. mf! FCN AP: 


© | Incidence on Refrattion in- Thickne ſs n 


I the Water. to the Water. the Mater. 
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In the two firſt Columns are expreſſed the obliqui- 
ties of the rays to the ſuperficies of the Water, that 
is, their Angles of incidence and refraction. Where 
| ſuppoſe that the Sines which meaſure them are in 
round numbers as 3 to 4, though probably the diſſo- 
lution of Soap in the Water, may a little alter its 
refractive Vertue. In the third Column the thickneſs 
of the Bubble, at which any one Colour is exhibited 
in thoſe ſeveral obliquities, is expreſt in parts, of which 
ten conſtitute that thickneſs when the rays are perpen- 
dicular. „„ CY 
I have ſometimes obſerved, that the Colours which 
ariſe on poliſhed Steel by heating it, or on Bell-meta 
and ſome other metalline ſubſtances, when melted and 
1 95 E e poured 


great and ſenſible as er y r. For the 
Scoria or vitriſſed part of the Metal, which; moſt Me- 
tals when heated i 


Wa 
, 
, 
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| or melted" to c dea) protrude, 
and ſend put to their furface, and which by covering 
the Metals in form of a thin glaſſy skin, cquſes theſe 
Colours, js much denſer than Water; and I find that 
the change mage by the obliquation of the Eye is leaſt 
in Colourf of the denſeſt thin ſuhſtances. 
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As in the ninth Obſervation, ſo here, the Bubble, by 
ranſmitted Light, appeared of a contrary. Calour' to 
that which it exhibited by reflexion. Thus when 
Bubble being looked on by the Light of the Clouds re- 
ſlected from it, ſeemed. red at its apparent circymſe- 
race, if the Clouds at the ſame time, on immediately 
after, were viewed through. it, the 2 at its cir-· 
cumference would be blue. And, on the contrary, 

hen by, reflected Light it appeared blue, it wauld ap- 
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Ny wetting very, thin plates of Muſcovy-glaſs, whoſe 
thinnels. made the like Colours appear, the Colours 
155 c became 
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271 
becätte mere fuirt and languid; of ſperiall ly by wetting 
the plates on that fide oppoſite to the 1 7 e: e 1 A} : 
not perceive any variat 45 of their Peet. S6 then 
the thickneſs of a plate requiſite to produce any Co- 
lour, depends only on the denſity of the plate, and 
not on that of the ambient medium: And hence, by the 
roth and 16th Obſervations, may be known the thick- 
neſs which Bubbles of Water, or Plates of Muſcovy- 
glaſs, or other fbſtdnees, have at Yay Colour” to. 


duced by them. 


> OBS. XXII 
A thin cxatiſparent Body, which is bent kum its 


ambient medium, exhibits more briſque and vivid C 


lours than that "which is ſo much rarer; as I have 

particularly obſerved in the Air and Glaſs. For blow 

ing Glaſs very thin at a Lamp. furnace, thoſe plates 

incompaſſed With Aif did exhibit Colours much 

Gl vivid than thoſe of Air made thin between ewe 
Is 9. 
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Compvring the. quantity of. Light: reflect fem this 


wveral Ritips, I föund that” it wes moſt copies from 
the ft or inmoſt, and in te exterior Rings be! 
came gradually leſs and leſs. Alfo the Whitehelv"of 
the firſt Ring was ſtröfiger than that refleRe 
choſe parts of the tfiintſer medium which were with: 
out the Rings; as I could 2 perteive By views 
ing at a diftance the Rings made by the two bps 


Ee 2 Glaſſes, 


from 
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Glaſſes; orſby comparing two Bubbles of Water blown 


at diftant times, in the firſt of which the whiteneſs- 
appeared, which ſucceeded all the Colours, and in 
the other, the whiteneſs which preceded them all. 


ee 

When the two Object-Glaſſes were lay'd upon one 
another, ſo as to make the Rings of the Colours ap- 
pear, though with my naked Eye I could not diſcern 
above 8 or 9 of thoſe Rings, yet by viewing them 
through a Priſm 1 have ſeen a far greater multitude, 
infomuch that I could number more than forty, beſides 
many others, that were ſo very ſmall and cloſe toge- 
ther, that I could not keep my. Eye ſteddy on. them 
ſeverally ſo as to number them, but by their extent TIhave 
ſometimes eſtimated them to be more than a hundred. 
And I believe the Experiment may be improved to the 
diſcovery of far greater numbers. For they ſeem to. 
be really unlimited, though viſible only fo far as they 
can op ſeparated by the refraction, as 1 ſhall hereafter 
explain. | es 

ut it was but one fide of theſe Rings, namely, that 
towards which the refraction was made, which by that 
refraction was rendered diſtinct, and the other fide be- 
came more confuſed than when viewed by the naked 
Eye, inſomuch that there I could not diſcern above 
one or two, and ſometimes none of thoſe Rings, of 
which I could diſcern eight or nine with my naked 
Eye. And their Segments or Arcs, which on the 


1 


other ſide appeared ſo numerous, for the moſt part 
- exceeded 
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exceeded not the third part of a Circle. If the Re- 
fraction was very great, or the Priſm very diſtant from 
the Object-Glaſſes, the middle part of thoſe Arcs be- 
came alſo confuſed, ſo as to diſappear and conſtitute. an 
even hiteneſs, whilſt on either fide their ends, as alſo 
the whole Arcs furtheſt from the center, became di- 
ſtincter than before, appearing in the form as you ſee. _ 
them deſigned in the fifth Figure. . Fig. 5, 
The Arcs, where they ſeemed diſtincteſt, were only 
white and black ſucceſſively, without any other Co- 
lours intermixed. But in other places there appeared 
Colours, whoſe order was inverted by the refraction 
in ſuch/ manner, that if I firſt held the Priſm. very near 
the Object-Glaſſes, and then gradually removed it 
further off towards my Eye, the Colours of the ad, 
3d, 4th, and following Rings ſhrunk towards the white 
that emerged between them , until they. wholly va-- 
niſhed into it at the middle of the Arcs, and after- 
wards emerged again in a contrary order. But at 
the ends of the Arcs they retained their order un- 
changed. 3 3 
I have ſometimes ſo lay d one Obje&-Glaſs upon 
the other, that to the naked Eye they have. all over 
ſeemed uniformly white, without the leaſt appearance 
of any of the coloured Rings ; and yet by viewing 
them through a Priſm, great multitudes of thoſe Rings 
have diſcovered themſelves. And in like manner plates 
of Muſcovy-glaſs, and Bubbles of Glaſs blown at a 
Lamp-furnace, which were not ſo thin as to exhibit 
any RI to the naked Eye, have through the Priſm 
exhibited a great variety of them ranged irregu- 


larly up and down in the form of waves. And ſo 
| Bubbles 


Bubbles of Water, before they began to exhibit their 
Colours to the naked Eye of a By-ftander, have ap · 
peared through a Priſm, girded about with many pa- 
rallel and horizontal Rings; to produce which ele, | 
it was neceflary to hold the Priſm parallel, 'or very 
nearly parallet to the Horizon, and to diſpoſe it 60 
that the rays might be refracted upwardds. 
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W upon the foregoing Objervatrons. 


. Wing given my Obſervations of theſe Colours, 
1 before I make uſe of them to unfold the Cauſes. 

ft the Colours of natural Bodies, it is convenient that 
by the ſunpleſt of them, ſuch as are the ad, zd, 4th, 
ah, 12th, 18th, 2othg and 24th, I firſt explain the 
more expounded, And firſt to ſhew: how the Colours 
in the fourth and eighteenth Qbſervations are produ- 
cad, let there be taken in any right line from the point 
V, the lengths VA, IB, VMC, ID, YE, VF, VG, Fig. 5. 
Vl, in proportian to one another, as the Cube roots 
ef the Squares of the numbers, > 355 2 5 „ 1, Where- 
by 0 Be 2 a b eue ta ound —_—— 
in an th are repr 3 that is, in opor- 
tion of the numbers 6300; 2 7¹ 14, or 
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, F, G, H, let perpendiculars Az, Bg, Mc. be erected, 
5 whole ares Lhe extent of the ſeveral Colours 
ſet underneath againſt them, is to be repreſented. Then 
divide the line Aa in ſuch proportion as the numbers 
1, 2, 3,5, 6:7,9, 10, 11, Oc. ſet at the points of divi- 
fion denote. And 1 thoſe diviſions from Y 
draw lines 11, 2K, 3L, 5M, é N, 7 O So. 

Now if A2 be ſuppoſed to repreſent the thickneſs 
of any thin tranſparent Body, at which the outmoſt 
violet is moſt copiouſly reflected in the firſt Ruig, or 
Series of Colours, then by the 13th Obſervation H K, 
will repreſent its thickneſs, at which the utmoſt red 
is moſt copiouſly reflected in the fame Series. Alſo 
by the 5th and 16th Obſervations, A6 and H N will 
denote the thickneſſes at which thoſe extreme Colours 
are moſt copiouſly reflected in the ſecond Series, and 
A 10 and HQ the thickneſſes, at which they are 
moſt copiouſly reflected in the third Series, and ſo on. 
And the thickneſs at which any of the intermediate 
Colours are reflected moſt copiouſly, will, according to 
the 1 565 Obſervation, be defined by the diſtance of the 
line A H from the intermediate parts of the lines 2 K, 
6N, 10Q, Oc. againſt which the names of thoſe Co- 
lours are written below. ©— © © 
But further, to define the latitude of theſe Colours in 

each Ring or Series, let A 1 deſign the leaſt thickneſs, 
and A3 the greateſt thickneſs, at which the extreme 
violet in the firſt Series is reflected, and let H I, and 
H L, defign the like limits for the extreme red, and 
let the intermediate Colours be limited by the inter- 
mediate parts of the lines 1 J, and 3 L, againſt which 
the names of thoſe Colours are written, and ſo on: But 
— 


ee YOON 
yet with this caution, that the reflections he ſuppoſed 
{trongeſt at the intermediate Spaces, 2 K, & N, 10 Oc. 
and from thence to decreaſe gradually towards theſe li- 
mits, 1 1h 3 L, 5 M, 7 O, &c. on either fide; where 
you muſt not conceive. them to be preciſely. limited, 
but to decay indefinitely. And whereas I have aſſignec 
the ſame latitude to every Series, I did it, becauſe al- 
though the Colours in the firſt Series ſeem to be a little 
broader than the reſt, by reaſon of a ſtronger reflexion 
there, yet that inequality is ſo inſenſible as ſcarcely to 
be determined by:Wblervation.” . 1. ...: 


Now according to this deſcription, conceiving that 
the rays originally of ſeveral Colours are by turns re- 
fected at the Spaces 1I L3, 5M Oy, g9PR11, Vc. 
andtranſmitted at the Spaces AHI1,3L M5, 70P 9, 
&c. it is eaſy to know what Colour muſt in the open Air 
be exhibited at any thickneſs of a tranſparent thin body. 
For if a Ruler be applied parallel to AH, at that di- 
ſtance from it by which the thickneſs of the body is 
repreſented, the alternate Spaces 1.1L 3, 5 MO c. 
which it croſſeth will denote the- reflected original Co- 
lours, of which the Colour exhibited in the open Air 
is compounded. Thus if the conſtitution of the green 
in the third Series of Colours be defired, apply the 
Ruler as you ſeeat e and by its paſſing through 
ſome of the blue at ⁊ and yellow ate, as well as through 
the green at e, you may conclude that the green exhi- 
bited at that thickneſs of the body is principally. con- 


ſtituted of original green, but not without a mixture 


” 


of ſome blue and yellow. 
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| ** Bythis means you may know how the Colours from 
the center of the Rings outward ought to ſucceed in 
order as they were deſcribed in the 4th and 18th Ob- 


ſervations. For if ypti move the Ruler gradually from 
AH through all Aft having IE over the firſt 
Hack whith denotes little or no reftexion to be made 
by thinneſt ſubſtances, it will firſt arrive at 1 the violet, 
and then very quickly at the blue and green, which 
together with that violet compound blue, and then at 
the yellow and red, by whoſe further addition that 
blue is converted into whiteneſs, which whiteneſs con- 
tinnes during the tranſit of the edge of the Ruler from 
I to 3, and after that by the fucceſſive deficience of 
its component Colours, turns firſt to compound yellow, 
und then to red, and laft of all the red ceaſeth at L. 
Then begin the Colours of the ſecond Series, which 
ſuereed in order during the tranſit of the edge of the 
Ruler from 5 to O, and are more lively than before, 
becauſe more expanded and ſevered. And for the 
fame reaſon, inſtead of the former white there inter- 
dedes between the blue and yellow a mixture of orange, 
Fellow, green, blue and indico, all which together ought 
to exhibit a dilate and imperfect green. So the Co- 
tours of the third Series all fucceed in order; firft, the 
| hem. gie ho little interferes wa the red of the ſe- 
cond order, and is thereby inclined to a reddiſh purple; 
het the Mas ind are wich are I ane i 
| other Colours, and confequently more Hvety than be- 
| fore, eſpeciaſly the green: Then follows the yellow, 
ſomeof which towards the green is diftin& and good, but 
that part of it towards the ſucceeding red, as alſo that 
rell is mixed with the violet and blue of the fourth Se- 


ries, 


(363. 


ries, w HE hy _. * of red very. much ind N 


ning to uuf are compounded. This violet and blue 
which ſhould ſucceed this red, being mixed with, an 
hidden in it, there ſycceeds a green. And this. at firſt 


is much inclined to blue „ but ſoon becomes a good 


green, the only unmixed and lively Colour in this 


burt Series. For as it verges towards the yellow, =: 
th Series, 


begins to interfere with the Colours of the fi 
by whoſe mixture the ſucceeding yellow and red are 
very much diluted and made dirt Fe , eſpecially the yel- 
low, which being the weaker Colour is ſcarce able to 
ſhew it ſelf. _ 9 4 this the ſeyeral Series interfere more 
and more, and their C 
intermixed, till after three or four. more revolutions 


(in which the' red and blue predominate by. turns) 


all ſorts of Colours are in all places pretty equally ben- 
ded, and compound an even whiteneſs. _ . _ 

And ſince by the 15th Obſervation the. rays. indued 
with one Colour are tranſmitted, where thoſe of ano- 
ther Colour are reflected, the reaſon of the Colours 
made by the tranſmitted Light in the th and zoth Ob, 
ſeryatiens is from hence evident. 


If not only the order and ſp ecies of thels Colours, 455 
but alſg the preciſe thickneſs 85 the plate, or thin body 
at which they are exhibited, be deſired in parts of an 
Inch, that may be alſo obtained by aſſiſtance of the 6th 


1 


or 16th Obſer vations. For according to thoſe Obſer 


tions the thickneſs of the thinned Air, which between 


two Glaſſes exhibited the moſt luminous parts of the 
firſt fix Rings were , 75, 75 7m mz ms parts of 
an Inch. Suppoſe the Light reflected moſt copiouſly 


at theſe thickneſſes be the bright citrine yellow, or con- 
Ff 2 fine 


become more and more 


* Ge, or Dy 
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fine of yellow and orange 7 and theſe thickneſſes will 


be GH & GE, Go, G1, And this being known, it is 
eaſy to determine what thickneſs of Air is repreſented 


an other diſtance of the ruler from 


PE. © 
But Kite, gs by the I oth 8 the thick- 


neſs of Air was to the thickneſs of Water, which be- 
tween the ſame Glafles exhibited the ſame Colour, as 


4 to 3, and by the 21th Obſervation the Colours of 
thin bodies are not varied by varying the ambient me- 
dium; the thickneſs of a Bubble of Water, exhibiting 
any Colour, will bez of the thickneſs of Air producing 
the ſame Colour. And ſo according to the fame 1oth 
and 21th Obſervations the thickneſs of a plate of 
Glaſs, whoſe refraction of the mean refrangible ray, is 
meafured by the proportion of the Sines 31 to 20, 

ay be; of the thickneſs of Air producing the ſame . 
2 dürs ; and the like of other mediums.” 1 do not 


affirm, that this proportion of 20 to 37, helds in all 


the rays; for the Sines of other ſorts 4.1 ys have other 
proportions. But the differences of thol proportions 
are ſo little that I do not here confider them. On 
theſe Grounds F have compoſed the following Table, 
wherein the thickneſs of Air, Water, and Glaſs, at 
which each Colour is moſt intenſe and ſpecifick, is ex- 
Rane) in parts of an Inch divided into "Fen hundrel 
thoufa nd. equal 8 e TO'% eee 
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The thickneſs £ colored 2 ate es 10 Parti es of 


J 


Black 


f ff 1:6 Black 


| 


Their Colours of the$ 


firſt Order, 
l 45 


4 


Il the ſecond Order, 


Beginnin of 
== 5 
Blue | 
White 
Yellow 


Orange 
Red 


Violet 
Indico. 


Green 


3 Yellow 


Orange 


' Bright ned 


Of the chird Order : 
£4 | 


NO Order, 


3 


1d. or ret "Purple. 
F Indico 


Blue 
Green 


Bluiſh Red 
"Bluiſh Green 


Green 


of the «fifth Order, J 0 reeniſh-Blue 


þ of the ſixth order, 


= of the ſeventh Order, 
74112 r 3 


| Greeniſh Blue 


Red 


Gleeniſh Blue 
Ruddy White 


te. Wat ater. Gl 2 


Yellowiſh G reen 
Nd 


4:37] 37 39 
"x1. 3+ 8 
| 2 14 17 
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29 [211 | 105 
32 124 | 203 
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46 [343 | 295 * 
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Now if this Table be compared with the 6th Scheme, 
you will there ſee the conſtitution of each Colour, as 
to its Ingredients, or the original Colours of which it 
is compounded, and thence be enabled to judge of its 
intenſeneſs or 1mperfe&ion ; which may ſuffice in ex- 

lication of the 4th and 18th Obſervations, unleſs it 
by further defired to delineate the manner how the Co- 
lours appear, when the two Object-Glaſſes are lay'd 
upon one another. To do which, let there be de- 
ſcribed a large Arc of a Circle, and a ſtreight Line 
which may touch that Arc, and parallel to that Tan- 
gent ſeveral occult Lines, at ſuch diſtances from it, as 
the numbers ſet againſt the ſeveral Colours in the Table 
denote. For the Arc, and its Tangent, will repreſent 
the ſuperficies of the Glaſſes terminating the inter jacent 
Air; and the places where the occult Lines cut the 
Arc will ſhow at what diſtances from the Center, or 
Point of contact, each Colour 1s reflected. . 

There are alſo other uſes of this Table: For by its 
aſſiſtance the thickneſs of the Bubble in the 19th Ob- 
ſervation was determined by the Colours which it ex- 
hibited. And ſo the bigneſs of the parts of natural 
Bodies may be conjectured by their Colours, as ſhall be 
hereafter ſhewm. , Alſo, if two or more very thin plates 
be lay d one upon another, ſo as to compoſe one plate 
Jn: wal them all in thickneſs, the reſulting Colour 
may be hereby determined. For inſtance, Mr. Hook in 
his Mz:ſcrographia obſerves, that a faint yellow plate of 
Muſcovy-glaſs . 50 upon a blue one, conſtituted a very 

eep purple. The yellow of the firſt Order is a faint 
one, and the thickneſs of the plate exhibiting it, ac- 
cording to the Table is 5, to 23 add 9, the thick- 


. 


4 


neſs 


[39] 


neſs exhibiting blue of the ſecond Order, and the ſum 


will be 131, which is the thickneſs exhibiting the 


purple of the third Order. 73 | 
To explain, in the next place, the Circumſtances of 
the 2d and 3d Obſervations ; that is, how the Rings of 
the Colours may (by turni 
common Axis the contrary 


y to that expreſſed in 


thoſe Obſervations) be converted into white and black. 


Rings, and afterwards into Rings of Colours again, the 
Colours of each Ring lying now in an inverted order; it 


muſt be remembred, that thoſe Rings of Colours are di- 


lated by the obliquation of the rays to the Air which 


intercedes the Glaſſes, and that according to the Table 
in the 7th Obſervation, their dilatation or increaſe of 


their Diameter is moſt manifeſt and ſpeedy when they 


are obliqueſt. Now the rays of yellow being more re- 


fracted by the firſt ſuperficies of the ſaid Air than thoſe 


of red, are thereby made more oblique to the ſecond ſu- 


perficies, at which they are reflected to produce the co- 
loured Rings, and conſequently the yellow Circle in each 
Ring will be more dilated than the red; and the exceſs of 
its dilatation will be ſo much the greater, by how much 


the greater is the obliquity of the rays, until at laſt it be- 


come of equal extent with the red of the ſame Ring. And 


for the ſame reaſon the green, blue and violet, will be alſo 


fo much dilated by the ſtill greater obliquity of their 
rays, as to become all very nearly of equal extent with 
the red, that is, equally diſtant from the center of the 
Rings. And then all the Colours of the fame Ring 
muſt be coincident, and by their mixture exhibit a 
white Ring. And theſe white Rings muſt have black 
and dark Rings between them , becauſe they do not. 


| ſpread 


. 


ng the Priſms about their 


5 ä 
ſpread and interfere with one another as before. And 
for that reaſon alſo they muſt become diſtincter and vi- 


ible to far greater Numbers. But yet the violet being 


obliqueſt will be ſomething; more dilated in proportion 
to its extent then the 'other Colours, and fo very apt to 
appear at the exterior verges of the white. 14. 
Afterwards, by a greater obliquity of the rays, the 
violet and blue become more ſenſibly dilated than the 
red and yellow, and ſo being further removed from the 
center of the Rings, the Colours muſt emerge out of the 
white in an order contrary to that which they had be- 
fore, the violet and blue at the exterior limbs of each 
Ring, and the red and yellow at the interior. And the vio- 
let, by reaſon of the greateſt obliquity of its rays, being 
in proportion moſt of all expanded, will ſooneſt appear 
at the exterior limb of each white Ring, and become 
more conſpicuous than the reſt. And the ſeveral Series 
of Colours belonging to the ſeveral Rings, wall, by 
their unfolding and ſpreading, begin again to interfere, 
and thereby render the Rings leſs diſtin, and not vifi- 
ble to ſo great numbers. d 
If inſtead of the Priſms the Object-glaſſes be made 
uſe of, the Rings which they exhibit become not white 
and diſtinct by the obliquity of the Eye, by reaſon that 
the rays in their paſſage through that Air which inter- 
cedes the Glaſſes are very nearly parallel to thoſe Lines 
in which they were firſt incident on the Glaſſes, and con- 
ſequently the rays indued with ſeveral Colours are not 
inclined one more than another to that Air, as it hap- 
pens in the Prim. 18 1 
I bere is yet another circumſtance of theſe Experiments 
to be conſidered, and that is why the black and white 
1 Rings 


: Il 
Rings which when viawal at a Genes appear distinct, 
ſhould not only become confuſed by viewing them near 
at hand,, but alſo yield a violet Colour at both the 
edges of « every white Ring. And the reaſon is, that the 
rays which enter the Eye at ſeveral parts of the Pupil, 


have ſeveral obliquities to the Glaſſes, and thoſe which 


are moſt oblique, if conſidered apart, would repreſent 
the Rings bigger than thoſe which are the leaſt oblique. 
Whence the breadth of the perimeter of every white 
Ring is expanded outwards by the oblique rays, 
and inwards by the leaſt oblique. And this expanſion 
is ſo much the greater by how much the greater is the 
difference of the obliquity; that is, by how much the 
Pupil is wider, or the Eye nearer to the Glaſſes. And 
the breadth of the violet muſt be moſt expanded, be- 
cauſe the rays apt to excite a ſenſation of that Colour 
are moſt 55 to a ſecond, on further ſuperficies of 
the thin'd Air at which they are reflected, and have 
alſo the greateſt variation of obliquity, which makes 
that Colour ſooneſt emerge out of the edges of the 
white. And as the breadth of every Ring is thus aug- 
mented, the dark intervals muft be diminiſhed, until 
the neighbouring Rings become continuous, and are 
blended, the exterior firſt, and then thoſe nearer the 
Center ſo that they can no longer be diſtinguiſn'd 
apart, but ſeem to conſtitut E. an den ande (UBT: 
whiteneſs: | «FO 1150] 

Among all the Obſervations there i is none accompa- 


nied with ſo odd circumſtances as the 24th. Of thoſe 
the principal are, that in thin Plates, which to the 


W 1 i ſeem of an crea 5 uniform tranſparent. 
8 White- 


3 
? 
Þ=4. 4 


Fig. 7. 


. 
Wulteneſs, witliout any terminations of ſhadows, the 
refraction of a Priſm ſhould make Rings of Colours ap- 
ptar, whereas it uſually makes Objects appear coloured 


 6hily there where they are terminated with ſhadows, or 


have parts uhequilly ſuminous; and that it ſhould make 


* 


thoſe Rings exceedingly diſtinet and white, although 
it uſually renders ObſeQts confuſed and coloured. The 


cauſe of theſe things you will underſtand by conſidering, 
that all the Rings of Colours are really in the plate, 
when viewed with the naked Eye, although by reaſon 
of the great breadth of their circumferences they ſo 
much interfere and are blended together, that they ſeem 


to conſtitute an even whiteneſs. But when the rays 
paſt through the Priſm to the Eye, the orbits of the 

ſeyeral Colours in every Ring are fefracted, ſome more 
than others, according to their degrees of refrangibility: 


By which-theans the Colours on one fide of 'the Ring 
(that is on one fide of its Center) become more unteldel 
and dilated, and thoſe on the other fide more compli- 
cated and contrated. And where by a due refraction 
they are ſo much contracted, that the ſevral Rings be- 
come narrower than to interfere with one another, they 
muſt appear diſtin, and alſo white, if the conſtituent 
Colours be ſo much tontrafted as to be wholly coincident. 


But, on the other fide, where the orbit of every Ring 


is made broader by the further unfolding of its Co- 


lours, it muſt interfere more with other Rings than 


Io explain this a little further ſuppoſe the concen- 
wel Grcles A V, and BX, reptefent the red md violet 
d order, which, together with the intermethiare 


Colours, 


[ 43 ] Fs 
Colours, conſtitute any one of theſe Rings. Now theſe 
being viewed through a Priſm, the violet Circle B X, 
will by a greater refraction be further tranſlated from 
its place than the red AV, and ſo approach nearer to 
it on that fide, towards which the refractions are made, 
For inſtance, if the red be tranſlated to av, the violet 
may be tranſlated to 4 x, fo as to approach nearer to it 
at x than before, and if the red be further tranſlated 
to ay, the violet may be ſo much further tranſlated to 
bx as to convene with it at x, and if the red be yet 
further tranſlated to « r, the violet may be till ſo much 
further tranſlated to #5 as to paſs beyond it at t, and 
convene with it at e and f. And this being underſtood 
not only of the red and violet, but of all the other in- 
termediate Colours, and alſo of every revolution of 
thoſe Colours, you will eafily perceive how thoſe of the 
ſame revolution or order, by their nearneſs at xv and 
TE, and their coincidence at xv, e and f, ought to con- 
ſtitute pretty diftin& Arcs of Circles, eſpecially at xv, 
or at e and , and that they will appear ſeyerally at 
x v, and at x y exhibit whiteneſs by their coincidence, 
and again appear ſeveral at 75, but yet in a contrary 
order to that which they had before, and fill retain 
beyond e and f. But, on the other tide, at #6, a b, 
or <4, theſe Colours muſt become much more confu- 
| ſed by being dilated and ſpread fo, as to interfere with 
_ thoſe of other Orders. And the ſame. contuſion wal 
happen at vt between e and f, if the refraction be.yexy 
great, or the Priſm very diſtant from the Object Qlaſſes: 
In which caſe no parts of the Rings will be ſeen, fave 
only two little Arcs at e and f, whoſe diſtance from one 
2 1 . another, 


[/ 4 

another will be augmented by removing the Prifin 
ſtill further from the Object-Glaſſes: And theſe little 
Ares muſt be diſtincteſt a8 whiteſt at their middle, and 
at their ends, where they begin to grow confuſed they 
muſt be coloured. And the Colours at one end df 
every Are muſt be in a contrary order to thoſe ar the 
other end, by reaſon that they croſs in the interme- 
diate white ; namely their ends, which verge towards 
YE, will be red and yellow on that fide next the Cen- 
: ter, and blue and violet on the other fide. But their 
other ends which verge from Tt will on the contrary 
be blue and violet on that fide towards the Center, and 

on the other fide red and yellow. b 1h 
Now as all theſe things follow from the Properties 
of Light by a mathematical way of reaſoning, ſo the 
truth bol them may be manifeſted by Experiments. For 
in a dark room, by viewing theſe Rings through a 
Priſm, by reflexion of the ſeveral priſmatique Colours, 
which an aſſiſtant cauſes to move to and fro upon a 
Wall, or Paper _ whence they are reflected, whilſt 
the Spect ator s Eye, the Priſm and the Object Glaſſes 
(as in 1 13th bſervation) are placed ſteddy : the 
<p of the Circles made ſucceſſively by the ſeveral 
lours, will be found ſuch, in reſpect of one another, 
as 1 have deſcribed in the Figures a hoe , or a bx v, 
or «BET. And by the ſame method the truth of 
the Explications of other Obſervations | "uy be exa- 
mined. 
By what hath Beet Laid the like Phiwhoimiga: of 
Water, and thin plates of Glaſs may be underſtood. 
But 't in | ſmall — of thoſe plates, there is this 


further 


84570 


further dbſecvable| that where they lye eat upon a 
Tableandare tutned about their Centers whilſt they are 
viewed through à Priſm, they will in ſome poſtures 
exhibit waves of various Colours, and ſome of them ex- 
hiibit theſe waves in one or t.] Poßitions only; but _ 
| moſt of them do in all poſitions. exhibit/ them, and mak 
them for the moſt part appear altnoſt all over the plates. 
The reaſon is, that the fert of ſuch Plates are not 
even, but have many cavities and fwellings which how 
ſhallow ſpever do a little vary the hack "of the 
plate. For at the ſeveral ſides of thoſe" cavities, for 
the reaſons newly deſcribed, there ought to be produ-- 
ced waves in ſeveral poſtures of the Priſm: Now though: 
it be but ſome. very .ſnall}-afid narrower parts of the 
Glaſs, by which theſe! waves for the-moſt Part are cdu 
ſed, yet they may ſeem to extend themſeſves over the 
whole Glaſs, becauſe from the narroweſt of thoſe parts 
there are Colours of ſeveral Orders that is of ſeveral. 
Rings, confuſedly reflected, wich by refraction of the 
Priſm are unfolded, ſeparated, and according 'to their 
degrees of refraction, diſperſed to ſeveral places, ſo as to 
conſtitute ſo many ſeveral waves, as there were divers 
orders of Colours romiſcuouſly reflected from that 
Parese Glaſssz. 
Theſe are the principal Puanomens of thin Plates 
or Bubbles, whoſe explications depend on the pro- 
— 2 of Light, which I have heretofore delivered! 
And theſe you ſee do neceſſarily follow from them, and 
agree with them, even to their very leaſt circumſtances; 
and not only ſo, but do very much tend to their proof: 
Flu * the a4th — it b-uppents; that the 
rays. 


\ 


8 eral Colours made, as well by thin Plates or 
les us by refractions of a Priſm, have ſeveral de- 
grees of refrangibility, whereby thoſe of each order, 
which at their reflexion from the Plate or Bubble are 
intermipced With thaſe of other orders, are ſeparated 
| refraction, and aflociated together fo as to 
become viſible by themſelves like Arcs of Circles. For 
if the rays were all alike refrangible, 'tis im poſſible that 
the whiteneſs. 2 to the naked ſence appears uni- 
by refraction have its parts tranſpoſed and 

| hs tp into 1 black and white Ares. 

It appears alſo that the unequal refractions of dif: 
form rays proceed, got from any contingent irregulari- 
ties; ſuch as are veins, an uneven poliſh,” or fortuitous 
poſition of the; pores, f GlaG 3 unequual and caſual mo- 
tions in the Air or Ether; the ſpre 


ading, breaking, or 
dividing the ſame ray into many diverging parts, or 


the like. For, admitting any ſuch irregularities, it would 
be impoſſible for Fefracions: © endet thoſe Rings ſo 
very diſtinct, and well d as they do in the 
24th C Obſervation. It is — therefore that eve- 
ry ray have its proper and por 4 degree of refran- 
gihility connate with it,according to which its refraction 
is ever juſtly and regularly performed, and that ſeve- 
ral rays have ſeveral of thoſe degrees. 
And what is ſaid of their aefrangibil ity. may be alſo 
underſwod of their teflexibility, that is of their diſpo - 
fitions to be reflefed. ſome at a greater, and others ata 
leſs thickneſs, of thin Plates or Bubbles, namely, that 


thoſe diſpoſitions are alſo connate with the rays, and 
a 3 as may appear by the 13th, 14th, and 


15th 


reth Obſervations compared Wien the fourth and 
By the precedent Obſervations it appears alſo, that 
whiteneſs is a diffimilar mixture of all Ebleurs, N and that 
Eight is a mixture of rays indued with all thoſè Co- 
fours. For conſidering the multitude of the Rings uf 
Colours, in the 3d, 12th and 24th Obſervations,” it is 
manifeſt that although in the Ath and i Sth Obſervu- 
tions there appear no more than eight er nine of thoſe 
Rings, yet there are really a far greater number, which 
ſo much interfere and mingle with one another, as after 
thoſe eight or nine revolutions to dilute one another 
wholly, and conſtitute an even and ſenſibly uniform 
whitenefs. And conſequently that whiteneſs muſt be 
allowed a mixture of all Colours, and the Light which 
conveys it to the Eye muſt be a mixture of rays indued 
, d 
But further, by the 24th Obſervation, it appears, 
that there is a conſtant relation between Colours and 
Refrangibility, the moſt refrangible rays being violet, 
the leaſt refrangible red, and thoſe of intermediate Co- 
ours having proportionably intermediate degrees of re- 
frangibility. And by the 13th, 14th and 15th Obſer- 
vations, compared with the 4th or 18th, there appears 
to be the ſame conſtant relation between Colour and 
Reflexibility, the violet being in like circumſtances re- 
flected at leaſt thickneſſes of any thin Plate or Bubble, 
the red at greateſt thickneſſes, and the intermediate 
Colours at intermediate thickneſſes. Whence it fol- 
lows, that the colorifique diſpoſitions of rays are alſo. 


connate with them and immutable, and by conſequence 
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07 he: —— Colours of natural. Bodies, 4 he 

Analogy between them. and there Colours of thin tranſ- 
- parent Matenoi 5:14 10 8351510 17915 911 21 979111 


vr iA nn 49; Wo 19 10 AH 10 Nille pn” 
Am now come to another part of this Defign, which. | 


is to copfider, how, the Ebenen of thin tranſ pa. | 
rent: Platesoftand cxclated;-t9, theſe of gll,other natural) - 
Bodies. Of theſe Bodies L haven ready zteld Fort thati 

they appear of diyers Colours, 00 g J ien an 
diſpoſed. to reſſect moſt, copiouſſy the rays originally 

indued with thoſe u But their Conſtitutions, 
whereby, they reflect owe; mays more copicully chan 
others, ＋ emains to be a e ed, and. thęſę * 
deavour to manifeſt in the follo wing Propofitions EU 


+Ignour 10 5111 bo 30 by fo: of Dok H no 15512 
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PROP; I. 


T boſe her EY anſ. rent Bodies effect the greateſt ; 
 quantit) bt, ich have 2 refracking power; 


that is, which intercede mediums that differ moſt in their 
refractive denſities. And in the confines of equally re- 


fring mediums there 4s no reflexion, 


The Angfogy between reflexion- and refraction will 
appear by confidering, that when Light paſſeth ob- 
hquely out of one medium into another which refracts 
from the perpendicular, greater is difference of 
their refractive denfity, the leſs obliquity is requiſite 
to cauſe a total reflexion. For as the Sines are which 
- meaſure the refraction, ſo is the Sine of incidence at 


which the total reflexion begins, to the radius of the 
Cirele, and confequently that incidence is leaſt where 
there is the greateſt difference of the Sines. Fhus in the 
paſſing of Light out of Water into Air, where the 
reftacłion is meaſuted by the Ratio of the Sines 3 to 4, 
the total feflexion begins when the Angle of incidence 
i6:about 43 degrees 35 minutes. In paſſing out of Glaſs 
intd Alr, where the fefraction is meaſured by the Ratio 
of the Hines 40 te $7, the total reflexion begins when 
the Angle of inctlence is 40 deg. 10 min. and fo in 
paſſing out of cryſtal, or more ſtrongly refracting me- 
diams inte Air, there is ſtill a leſs obliquity requiſite 
to eauſe à total reffexion. Superficies therefore which 
refract moſt do ſooneſt reflect all the Light which is in- 
cident on them, and ſo muſt be allowed moſt ſtrongly 


reflexive. Is 
1 (3 ; j . 4 = 


But 


57 
But the truth of this Propoſition will further appear 
by obſerving, that in the ſuperficies interceding two 
tranſparent mediums, ſuch as are (Air, Water, Oyl, Com- 
mon-Glaſs, Cryſtal, Metalline-Glaſſes, Iſland- Glaſſes, 
white tranſparent Arſnick, Diamonds, Vc.) the re- 
flexion 1s ſtronger or weaker accordingly, as the ſupet- 
ficies hath a greater or leſs refracting power. For in 
the confine of Air and Sal-gemm tis ſtronger than in 
the confine of Air and Water, and ſtill ſtronger in the 
_ confine of Air and Common-Glaſsor Cryſtal,and ſtronger 
in the confine of Air and a Diamond. If any of theſe, and 
ſuch like tranſparent Solids, be immerged in Water, its 
rel weaker than before, and ſtill 
weaker if they be immerged in the more ftrongly re- 
fracting Liquors of well- rectified oyl of Vitriol or ſpirit 
of Turpentine. If Water be diſtinguiſhed into two parts, 
by any imaginary ſurface, the reffexion in the confine 
of thoſe two parts is none at all. In the confine of Wa. 
ter and Ice tis very little, in that of Water and Oyl tis 
ſomething. greater, in that of Water and Sal- gemm till 
greater, and in that of Water and Glafs, or- Cryſtalj r 
other denſer fubſtances ſtill greater, accordingly. as thoſe 
mediums differ more or leſs in their refracting powers. 
Hence in the confme of Common-Olaſs and Cryſtal, 
there ought to be a weak geflexion, and a ſtronger re- 
flexion in the confine of Common and Metalline-Glaſs, 
though I have not yet tried this. But, in the confine of 
two Glaſſes of equal denſity, there is not any ſenſible re- 
flexion, as was ſhewn in the firſt Obſervation. And 
the ſame may be underſtood of the ſuperficies :miterce- 
ding two Cryſtals, or two Laquors; or any other Sub- 
ſtances in which no refraction is cauſed. So then the 

in 2 reaſon 


[52] 


reaſon why uniform pellucid mediums, (ſuch as Water, 
Glaſs, or Cryſtal) have no ſenſible reflexion but in 
their external ſuperficies, where they are adjacent to 
other mediums of a different denſit „is becauſe all 
their contiguous PO have one and * 1 dee 
of N 1 
yr We 0 R 0 P. 1. 

1 11 2551 of almoſt all natural Bollizs a are in ful 


meaſure tranſparent : And the opacity of thoſe Bodies 
ariſeth from uy multitude of cen cauſe ed in theur : in- 
ter al Parts. 


hat this "hs: 15 has PIUS obleoned: by others 40 
will eaſily be granted by them that have been conver- 
ſant with Miſcroſcopes. And it may be alſo tryed by 
applying any ſubſtance to a Hole through vrhich ſome 
Light is immitted intora dark room. For how opake 
ſoever that ſubſtance may ſeem in the open Air, it will 
by that means appear very manifeſtly tranſparent, if 
it be of a ſufficient thinneſs. Only white metalline Bo- 
dies muſt be excepted, which by reaſon of their exceſ- 
five denſity ſeem to reflect almoſt all the Light inci- 
dent on their firſt ſuperficies , unleſs by ſolution in 
menſtruums they be reduced into _ — JON; 
_ * LP Saha traf ON: : 
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PROP. 11I. 


8 2 5 


1 the parts of opake an ans Bodies are 


many ſpaces, eit ber empty or repleniſhed, with mediums 
of erin ak as Water between the tinging corpuſcles 


wherewith any Liquor i mpregnated, Air between the 
not. aqueous 


[93] 
aqueous globules. that conſtitute Clouds or Miſts ; and for 
the moſt part ſpaces void of both Air and Water, but yet 
perhaps not wholly void af all ſubſtance, between the parts 
of hard. Bodies. e 916 ie WW 

The truth of this is evinced by the two precedent 
Propoſitions : For by the ſecond Propoſition there are 
many reflexions made by the internal parts of Bodies, 
which, by the firſt Propoſition, would not happen if 
the parts of thoſe Bodies were continued without any 
ſuch interſtices between them, becauſe reflexions are 
cauſed only in ſuperficies, which intercede mediums of 
a differing denſity by Prop. . 

But further, that this diſcontinuity of parts is the 
principal cauſe of the opacity of Bodies, will appear by 
conſidering, that opake ſubſtances become tranſparent 
by filling their pores with any ſubſtance of equal or al- 
moſt equal denfity with their parts. Thus Paper dip- 
ped in Water or Oyl, the Oculus mundi Stone ſteep'd in 
Water, Linnen- cloth oy led or varniſhed, and many other 
ſubſtances ſoaked in ſuch Liquors as will intimately 
pervade their little pores, become by that means more 
tranſparent than etherwiſe ; fo, on the contrary, the 
moſt. tranſparent ſubſtances may by evacuating their 
pores, or ſeparating their parts, be rendred ſufficiently 
opake, as Salts: or wet Paper, or the Oculus mundi Stone 
by being dried, Horn by being ſcraped, Glaſs by being 


reduced. to powder, or otherwiſe flawed, ITurpen- 
tine by being ſtirred about with Water till they mix 
imperfectly, and Water by being formed into many 
ſmall Bubbles, either alone in the form of froth, or 
by ſhaking it together with Oyl of Turpentine, or 
with ſome other convenient Liquor, with which it will 
not 


[54] | 
not perfectly incorporate. And to the increaſe of the 
opacity of theſe Bodies it conduces ſomething, that by 
the 23th Obſervation the reflexions of very thin tranſ- 
parent ſubſtances are conſiderably ſtronger than thoſe 
made by the ſame ſubſtances of a greater thickneſs. 


r NO P. IV. 


T be parts of Bodies and their Interſtices muſt not be | 
leſs than of ſome de finite bigneſs, to render them opake and 
coloured. FEI 
For the opakeſt Bodies, if their parts be ſubtily 
divided, (as Metals by being diſſolved in acid men- 
ſtruums, Hc.) become perfectly tranſparent. And you 
may alſo remember, that in the eighth Obſervation 
there was no ſenſible reflexion at the ſuperficies of 
the Objet-Glaſſes where they were very near one 
another, though they. did not abſolately touch. And 
inthe 17thObſervationthereflexionof theWater-bubble 
where it became thinneſt was almoſt inſenſible, fo as 
to cauſe very black Spots to appear on the top of the 
Bubble by the want of reflected Light. 
On theſe grounds I perceive it 1s that Water, Salt, 
Glaſs, Stones, and ſuch like fubſtances, are tranſparent. 
For, upon divers confiderations, they teem to be as full 
of pots or interdbices:berween their parts as other Bo- 
dies ate; but yet their parts and imterftices to he too 
ſmall to cauſe reflexions in their common ſurfaces. 
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TROUT . 
The tranſparent parts of Bodies according to their ſe- 


veral fizes muſt reflect rays of one Colour, and tranſunt 
#boſe of anot ber, on the ſame grounds that thin Plates or 
Bubbles do reflect or tranſmit thoſe rays. And this I take 
to be the ground of all their Colours. 
For if a thufd or plated Body, which being of an 
even thickneſs, appears all over of one uniform Co- 
tour, ſhould be {lit into threds, or broken into frag- 
ments, of the ſame thickneſs with the plate; I ſee no 
reaſon why every thred or fragment ſhould not keep its 
Colour, and by confequence why a heap of thoſe threds 
or fragments ſhould not conſtitute a maſs or powder of 
the ſame Colour, which the plate exhibited before it 
was broken. And the parts of all natural Bodies being 
like ſo many fragments of a Plate, muſt on the ſame. 
grounds exhibit the ſame Colours. | 
Now that they do ſo, will appear Dy the affinity of 
their properties. The finely coloured Feathers of ſome 
Birds, and particularly thoſe of Peacocks Tails, do in 
the very ſame part of the Feather appear of ſeveral Co- 
lours in ſeveral poſitions of the Eye, after the very ſame 
manner that thin Plates were found to do in the 7th: 
and 19th Obſervations, and therefore ariſe from the 
thinneſs of the tranſparent parts of the Feathers; that 
is, from the ſlenderneſs of the very fine Hairs, or Capilla- 
mentu, which grow out of the ſides of the groſſer late- 
ral branches or fibres of thoſe Feathers. And to the 
ſame purpoſe it is, that the Webs of ſome Spider by 
= eing 
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being ſpun very fine have appeared coloured, as ſome 
have obſerved, and that the coloured fibres of ſome ſilks 

by varying the poſition of the Eye do vary their Co- 
lour. Alſo the Colours of filks, cloths, and other ſub- 
ſtances, which Water or Oyl can intimately penetrate, 
become more faint and obſcure by being immerged in 
thoſe liquors, and recover their vigor again by being 
dried, much after the manner declared of thin Bodies 
in the 1oth and 21th Obſervations. Leaf-gold, ſome 
ſorts of painted Glaſs, the infuſion of Lignum Nephri- 
ticum, and ſome other ſubſtances reflect one Colour, 
and tranſmit another, like thin Bodies in the gth and 
20th Obſervations. And ſome of thoſe coloured pow- 
ders which Painters uſe, may have their Colours a little 
changed, by being very elaborately and finely ground. 
Where 1 ſee not what can be juſtly pretended for thoſe 
changes, beſides the breaking of their parts into leſs 
parts by that contrition after the ſame manner that the 
Colour of a thin Plate is changed by varying its thick- 
neſs. For which reaſon alſo it is that the coloured flowers 
of Plants and Vegitables by being bruiſed uſually be- 
come more tranſparent than before, or at leaſt in ſome 
degree or other change their Colours. Nor is it much 
leſs to my purpoſe, that by mixing divers liquors very 
odd and remarquable productions and changes of Co- 
lours may be effected, of which no cauſe can be more 
obvious and rational than that the faline corpuſcles of 
one liquor do variouſly act upon or unite with: the 
tinging corpuſcles of another, ſo as to make them ſwell, 
or ſhrink (whereby not only their bulk but their den- 
lity alſo may be changed) or to divide them into 
imaller corpuſcles, (whereby a coloured liquor may be- 

come 
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come tranſparent) or to make many of tliem aſſociate 
into one cluſter, whereby two tranſparent liquors may 
compoſe a coloured one. For we fee how apt thoſe 
ſaline menſtruums are to penetrate and diflolve- ſub- 
ſtances to which they are applied, and ſome of them 
to precipitate what others diſſolve. In like manner, if 
we conſider the various Phænomena of the Atmoſphere, 
we may obſerve, that when Vapors are firſt raiſed, they 
hinder not the tranſparency of the Air, being divided 
into parts too ſmall to caule any reflexion in their ſuper- 


ficies. But when in order to compoſe drops of rain they 


begin to coaleſce and conſtitute globules of all inter- 


- mediate fizes, thoſe globules when they become of a 


convenient ſize to reflect ſome Colours and tranſmit 
others, may conſtitute Clouds of various Colours accor- 
ding to their fizes. And I ſee not what can be ratio- 
nally conceived in ſo tranſparent a ſubſtance as Water for 
the production of theſe Colours, beſides the various 
ſizes of its fluid and globuler parcels. 


PROP. VI. 
The parts of Bodies on which their Colours depend, 


are denſer than the medium , which pervades their in- 


terſtices. 3 
This will appear by conſidering, that the Colour of 
a Body depends not only on the rays which are inci- 
dent perpendicularly on its parts, but on thoſe alſo 
which are incident at all other Angles. And that ac- 
cording to the 7th Obſervation, a very little variation 
of obliquity will change the reflected Colour where the 
thin body or ſmall particle is rarer than the ambient. 
| I 1 medium, 
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medium, inſomuch that ſuch a ſmall particle will at di- 
verfly oblique incidences reflect all forts of Colours, in 
ſo great a variety that the Colour reſulting from them 
all, confuſedly reflected from a heap of ſuch particles, 
muſt rather be a white or grey than any other Colour. 
or at beft it muſt be but a very imperfect and dirty Co- 
lour. Whereas if the thin body or fmall particle be 
much denfer than the ambient medium, the Colours 
according to the 19th Obſervation are ſo little changed 
by the variation of obliquity, that the rays which are 
reflected leaſt obliquely may predominate over the reft 
fo much as to cauſe a heap of ſuch particles to appear 
very intenſly of their Colour. 

It conduces alſo ſomething to the confirmation of this 
Propoſition, that, according to the 22th Obſervation, 
the Colours exhibited by the denfer thin body within 
the rarer, are more briſque than thoſe exhibited 85 the 
rarer within the denſer. 


PROP. VII. 


The bigneſs of the component parts of natural Bodies 

* he comic buned by ther Colours. 
or fince the parts of theſe Bodies by Prop. 5. do 
moſt probably exhibit the ſame Colours with a Plate of 
equal thickneſs, provided they have the fame refraftive 
denfity ; and fince their parts ſeem for the moſt part to 
have much the fame denſity with Water or Glaſs, as 
by many circumſtances is obvious to collect; to deter- 
mine the ſiaes of thoſe parts you need only have recourſe 
to the precedent Fables, in which the thicknets of Wa- 
ter or Glass eukbiting a any Colour is expreſſed. Thus 
11 
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if it be deſired to know the Diameter of a corpuſcle, 
which being of equal denſity with Glaſs ſhall reflect 
green of the third order; the number 16. ſhews it to 
be 1 parts of an Inch. ID 


The greateſt difficulty is here to know of what order 
the Colour of any Body is. And for this end we muſt 
have recourſe to the 4th and 18th Obſervations, from 
' whence may be collected theſe particulars 
Scarlets, and other reds, oranges and yellows, if they 
be pure and intenſe are moſt probably of the ſecond or- 
der. Thoſe of the firſt and third order alſo may be 


pretty good, only the yellow of the firſt order is faint, 


and the orange and red of the third order have a great 
mixture of violet and blue. F000 SE 
There may be good greens of the fourth order, but 
the pureſt are of the third. And of this order the green 
of all vegitables ſeem to be, partly by reaſon of the in- 
tenſeneſs of their Colours, and partly becauſe when 
they wither ſome of them turn to a greeniſh yellow, 
and others to a Cen yellow or orange, or per- 
haps to red, paſſing firſt through all the aforeſaid in- 
termediate Colours. Which changes ſeem to be effected 
by the exhaling of the moiſture which may leave the 
tinging corpuſcles more denſe, and ſomething augmen- 
ted by the accretion of the oyly and earthy part of 
that moiſture. Now the green without doubt is of the 
ſame order with thoſe Colours into which it changeth, 
becauſe the changes are gradual, and thofe Colours, 
though uſually not very full, yet are often too full and 
lively to be of the fourth order. 


I1 2 Blues 
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Blues and purples may be either of the ſecond or third 
order, but the beſt are of the third. Thus the Colour 
of violets ſeems to be of that order, becauſe their Syrup 
by acid Liquors turns red, and by urinous and alcali- 
zale turns green. For ſince it is of the nature of Acids 

to diſſolve or attenuate, and of Alcalies to precipitate 
or incraſſate, if the purple Colour of the Syrup was of 
the ſecond order, an acid Liquor by attenuating its ting- 
ing corpuſcles would change it to a red of the firſt 
order, and an Alcaly by incraſſating them would change 
it to a green of the ſecond order; which red and green, 
eſpecially the green, ſeem too imperfect to be the Co- 
lours produced by theſe changes. But if the ſaid purple 
be ſuppoſed of the third order, its change to red of the 
ſecond, and green of the third, may without any in- 
convenience be allowed. | | 

If there be found any Body of a deeper and leſs red- 

_ diſh purple than that of the violets, its Colour moſt 
probably 1s of the ſecond order. But yet their being 
no Body commonly known whoſe Colour 1s conſtantly 

more deep than theirs, I have made uſe of their name to 
denote the deepeſt and leaſt reddiſh purples, ſuch as 
manifeſtly tranſcend their Colour in purity. 5 

The 4lue of the firſt order, though very faint and 
little, may poſſibly be the Colour of ſome ſubſtances ; 
and particularly the azure Colour of the Skys ſeems to 
be of this order. For all vapours when they begin to 
condenſe and coaleſce into ſmall parcels, become firſt of 
that bigneſs whereby ſuch an Azure muſt be reflected 
before they can conſtitute Clouds of other Colours. And 
ſo this being the firſt Colour which vapors begin to 
reflect, it ought to be the Colour of the fineſt and moſt 
(pe | tranf- 
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tranſparent Skys in which vapors are not arrived to that 
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whiteneſs of Froth, Paper, Linnen, and moſt white ſub- 
ſtances; of the former I reckon that of white metals to 
be. For whilſt the denſeſt of metals, Gold, if foliated 
is tranſparent, and all metals become tranſparent if 
diſſolved in menſtruums or vitrified, the opacity of 
white metals ariſeth not from their denſity alone. I hey 
being leſs denſe than Gold would be more tranſparent 
than it, did not ſome other cauſe concur with their den- 
ſity to make them opake. And this cauſe J take to be 
ſuch a bigneſs of their particles as fits them to reflect 
the white of the firſt order. For if they be of other 
thickneſſes they may reflect other Colours, as is mani- 
feſt by the Colours which appear upon hot Steel in tem- 
pering it, and ſometimes upon the ſurface of melted 
metals in the Skin or Scoria which arifes upon them in 
their cooling. And as the white of the firſt order is 
the ſtrongeſt which can be made by Plates of tranſparent 
ſubſtances, ſo it ought to be ſtronger in the denſer ſub- 
ſtances of metals than in the rarer of Air, Water and 
Glaſs. Nor do I ſee but that metallic ſubſtances of ſuch. 
a thickneſs as may fit them to refle& the white of the 
rſt order, may, by reaſon of their great denſity (accor- 
ding to the tenour of the firſt of theſe Propofitions) re- 
flect all the Light incident upon them, and fo be as 
opake and ſplendent as its poſſible for any Body to be. 
Gold, or Copper mixed with leſs than half their —_ 
| , of 
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of Silver, or Tin, or Regulus of Antimony, in fuſion 
or amalgamed with a verylittte Mercury become white; 
which ſhews both that the particles of white metals 
have ET and ſo are ſmaller, than 
thoſe of Gold and Copper, and alfo that they are fo 
opake as not to ſuffer the particles of Gold or Copper to 
ſhine through them. Now it is ſcarce to be doubted, 
but that the Colours of Gold and Copper are of the ſe- 
cond or third order, and therefore the particles of white 
metals cannot be much bigger than is requifite to make 
them refle& the white of the firft order. The volati- 
tity of Mercury argues that they are not much bigger, 
nor may they be much leſs, leaft they loſe their opacity, 
and become either tranſparent as they do when attenua- 
ted by vitrification, or by ſolution in menſtruums, or 
black as they do when ground ſmaller, by rubbing Sil- 
ver, or Tin, or Lead, upon other ſubſtances to draw black 
Lines. Fhe firſt and only Colour which white metals 
take by grinding their particles ſmaller is black, and 
therefore their white ought to be that which borders 
upon the black Spot in the center of the Rings of Co- 
lours, that is, the white'of the firſt order. But if you 
would hence' gather the bigneſs of metallic particles, 
you muſt allow for their denſity. For were Mercury 
tranſparent, its denfity is ſuch that the Sine of inci- 
dence upon it (by my computation) would be to the 
fine of its refraction, as 71 to 20, or 7 to 2. And 
therefore the thickneſs of its particles, that they may 
exhibit the fame Colours with thoſe of Bubbles of Wa- 
ter, ought to be leſs. than the thiekneſs of the Skin of 
thoſe Bubbles in the propartion of 2 to 7. Whence 
its poſhble that the particles of Mercury may be as little 
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as the particles of ſome tranſparent and volatile fluids, 
and yet reflect the white of the firſt order. 
Laſtly, for the production of Hack, the corpiiſcles 
muſt be leſs than any of thoſe which exhibit Colours. 
For at all greater ſizes there is too much Light refle- 
Qed to conſtitute this Colour. But if they be ſuppo- 
ſed a little leſs than is requiſite to reflect the white and 
very faint blue of the firſt order, they will, according 
to the 4th, 8th, 17th-and 18th Obſervations, reflect 
ſo very little as to appear intenſly black, and yet may 
perhaps variouffy refract it to and fro within them- 
ſelves ſo long, until it happen to be ſtifled and loft, 
by which means they will appear black in all pofitions 
of the Eye without any tranſparency. And from hence 
may be underftood why Fire, and the more ſubtitle 
diflolver Putrefaction, by dividing the particles of fub- 
ſtances, turn them to black, why ſmall quantities of 
black ſubſtances impart their Colour very freely and in- 
tenſly to other ſubſtances to which they are applied; 
the minute particles of theſe, by reaſon of their very 
great number, eafily overfpreading the groſs particles 
of others; why Glafs ground very elaborately with 
Sand on a copper Plate, till it be well poliſhed; makes 
the Sand, together with what is worn off from the Glaſs 
and Copper, become very black : why black ſubſtances 
do ſooneſt of all others become hot in the Sun's Light 
and burn, (which effect may proceed partly from the 
multitude of refractions in a little room, and partly 
from the eaſy commotion of ſo very ſmall corpuſcles;) 
and why blacks are uſually a little inclined to a bluiſh 
Colour. For that they are ſo may be ſeen by illumina- 
ting white Paper by Light reflected from — ſub· 
ances. 
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ſtances. For the Paper will uſually appear of a bluiſh 


white; and the reaſon is, that black borders on the 
obſcure blue of the firſt order deſcribed in the 18th 
Obſervation, and therefore reflects more rays of that 
Colour than of any other. 


In theſe Deſcriptions I have been the more particu- 


lar, becauſe it is not impoſſible but that Miſcroſcopes 


may at length be improved 'to the diſcovery of the 
particles of Bodies on which their Colours depend, if 
they are not already in ſome meaſure arrived to that de- 
gree of perfection. For if thoſe Inſtruments are or can 
be ſo far improved as with ſufficient diſtinctneſs to re- 
preſent Objects five or ſix hundred times bigger than 
at a Foot diſtance they appear to our naked Eyes, I 
ſhould hope that we might be able to diſcover ſome of 
the greateſt of thoſe corpuſcles. And by one that would 
magnify three or four thouſand times perhaps they 
might all be diſcovered, but thoſe which produce black- 
neſs. In the mean while | ſee nothing material in this 


Diſcourſe that may rationally be doubted of excepting 


this Poſition, That tranſparent corpuſcles of the ſame 
thickneſs and denſity with a Plate, do exhibit the ſame 
Colour. And this I would have underſtood not with- 
out ſome latitude, as well becauſe thoſe corpuſcles may 
be of irregular Figures, and many rays muſt be oblique- 
ly incident on them, and ſo have a ſhorter way through 


them than the length of their Diameters, as becauſe the 


ſtraitneſs of the medium pent in on all ſides within ſuch 
corpuſcles may a little alter its motions or other qua- 
lities on which the reflexion depends. But yet I can- 
not much ſuſpect the laſt, becauſe 1 have obſerved of 
ſome ſmall Plates of Muſcovy-Glaſs which were of an 

even 
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even thickneſs, that through a Miſcroſcope they have 
appeared of the ſame Colour at their edges and cor- 
ners where the included medium was terminated, which 
they appeared of in other places. However it will add 
much to our ſatisfaction, if thoſe corpuſcles could be diſ- 
covered with Mi ſcroſcopes ; which if we ſhall at length 
attain to, I fear it will be the utmoſt improvement of 
this ſenſe. For it ſeems impoſſible to ſee the more ſe- 
cret and noble- works of nature within the corpuſcles 
by reaſon. of their tranſparency... | 


PROP. VII. 


The cauſe of Reflexion 5 ix not thes impinging of Liebt on 
the _ or auer vie. parks of Balles, as i commonly be- 
lieve 
This will appear by the following. Contento 

Firſt, That: i in the paſſage of Light out of Glaſs into 
Air there is a reflexion as ſtrong as in its paſſage out of 
Air into Glaſs, or rather a little ſtronger, and by many 
degrees Kronger than in its paſſage out of Glaſs into 
Water. And it ſeems not probable that Air ſhould have 
more reflecting parts than Water or Glaſs. But if that 

ſhould poſſibly be ſuppoſed, yet it will avail nothing ; 
for the reflexion is as ſtrong or ſtronger when the Air is 
drawn away from the Glaſs, (ſuppoſe in the Air-pump! 
invented by Mr. Boyle) as when it is adjacent to it. 
Secondly, le Light in its paſſage out of Glaſs into Air 
be incident more obliquely than at an Angle of 40 or 
41 degrees it is wholly, reflected, if leſs obliquely it is 
in great meaſure tranſmitted. Now i it is not to be ima- 
gined that Light at one ee obliquity ſhould N 
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with pores enough in the Air to tranſmit the greater 
part of it, and at another degree of obliquity ſhould ' 
meet with nothing but parts to refle& it wholly, eſpe- 
cially conſidering that in its paſſage out of Air into 
Glaſs 4 how A ſoever be its incidence; it finds 
pores enough in the Glas to tranſmit the greateſt part 
of it. If any Man ſuppoſe that it is not reflected by the 
Air, but by the outmoſt ſuperficial parts of the Glaſs, 
there is fill the ſame difficulty : Befides, that ſuch a 
Suppoſition is unintelligible, and will alſo appear to be 
falſe by applying Water behind ſome part of the Glaſs 
inſtead of Air. For ſo ina convenient obliquity of the 
rays ſuppoſe of 45 or 46 degrees, at which they are all 


eflected where the Air is adjacent to the Glaſs, they 

ſhall be in great - meaſure tranſmitted where the Water 

is adjacent to it; which argues, that their reffexion 

or tranſmiſſion depends on the conſtitution of the Air 

and Water behind the Glaſs, and not on the ftrikitig 

off the rays upon the parts of the Glaſs. Thirdly, I. 

the Colours made by à Priſm placed at the entrance of 

à beam of Light into a darkened room be fucceſſively 

caſt on a ſecond Priſm placedlat à greater diftance from 

the former; in fuch manner that they are all alike inci- 

dent upon it, the ſecond Priſm may be ſo inelined to 

the incident rays, that thoſe which are of a blue Colour 

ſhall be all reflected by it, and yet thoſt of a red Colour 

pretty copiouſſy tranſmitted. Now if the reflexion be 

ſed by the parts of Air or/Gluſs, I would ask, why 

at the ſame obhquity of incidence the blue ſhould ol. 
ly impinge on thoſe parts { as to be all reflected, and 
yet the red find pores enougli to be in great meafure 

tranſmitted. Fourthly, where two Glaffes touch one 
2555 another, 
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another, there is no-fenfible reflexion as was declared 
in the firft Obſervation ; and yet I ſee no reaſon why 
the rays ſhould not impinge on the parts of Glaſs as 
much vrhen contiguous: to other Glafs as when con- 
tiguous to Air. Fifthly, When the top of 4 Water- 
bubble (in the 17th Obfervation) by the continual fub- 
fiding and exhaling of the Water grew very thin, there 
was fuch a little and almoſt inſenfible quantity of Light 
reflected from it, that it appeared intenfly black;; where- 
as round about that black Spot, where the Water was 
thicker, the reflexion was ſo ftrong as to make the 
Water feem.very white. Nor is it only at the leaft 
thicknefs of thin Plates or Bubbles, that there is no 
manifeſt reflexton; but at many other thickneſſes con- 


tinually greater and greater. For in the 15th Obſfer- 
vation the rays of the fame Colour were by turns tranf- 
mitted at one thickneſs, and reflected at another thick- 
neſs, for an indeterminate number of fuccefſions. And 
yet in the ſuperficies of the thinned Body, where it is 
of any one thickneſs, there are as many parts for the 
rays to impinge on, as where it is of any other thick- 
neſs. Sixthly, If reflexion were cauſed by the parts of 
reflecting Bodies, it would be impoſhble for thin Plates 
or Bubbles at the ſame place to reflect the rays of one 
Colour and tranſmit thoſe of another, as they do accor- 
ding to the 13th and 15th Obſervations. For it is 
not to be imagined that at one place the rays which 
for inſtance exhibit a blue Colour, ſhould: have the for- 
tune to daſh upon the parts, and thoſe which exhibit 
a red to hit upon the pores of the Body; and then at 
another place, where the Body is either a little thicker, 
or a little thinner, that on the contrary the blue ſhould 
KK 2 hit 
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hit upon its pores, and the red upon its parts. Laſtly, 
were the rays of Light reflected by 1mpinging on the 
ſolid parts of Bodies, their reflexions from poliſhed Bo- 
dies could not be ſo regular as they are. For in po- 
liſhing Glaſs with Sand, Putty or Ttipo | 5 it is not to 
be imagined that thoſe ſubſtances can by grating and 
fretting the Glaſs bring all its leaſt particles to an ac- 
curate poliſh: ;. ſo that all their ſurfaces ſhall be truly 
plain or truly fpherical, and look all the fame way, ſo 
as together to compoſe one even ſurface. The ſmaller 
the particles of thoſe ſubſtances are, the ſmaller will 
be the ſcratches by which they continually fret and wear 
away the Glaſs until it be poliſned, but be they never 


ſo ſmall they can wear away the Glaſs no otherwiſe 


than by grating and ſcratching it, and breaking the 
proturberances, and therefore poliſn it no otherwiſe 
than by bringing its roughneſs to a very fine Grain, ſo 
that the ſcratches and frettings of the ſurface become 
too ſmall to be viſible. And therefore if Light were 


reflected by impinging upon the ſolid parts of the Glaſs, 


it would be ſcattered as much by the moſt poliſhed 


Glaſs as by the rougheſt. So then it remains a Pro- 


blem, how Glaſs poliſhed by fretting ſubſtances can re- 
flea Light ſo regularly as it does. And this Problem 
is ſcarce. otherwiſe to be ſolved than by ſaying, that 
the reflexion of a ray is effected, not by a ſingle point of 


the reflecting Body, but by ſome power of the Body 
which is evenly diffuſed all over its ſurface, and by 


which it acts upon the ray without immediate contact. 
For that the parts of Bodies do act upon Light at a di- 
ſtance ſhall be ſhewn hereafter. 


Now 
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ſolid parts of Bodies, but by ſome other principle ; its 
probable that as many of its rays as impinge on the 


ſolid parts of Bodies are not reffected but ſtifled and 


loſt in the Bodies. For otherwiſe we muſt allow two 
ſorts of reflexions. Should all the rays be reflected which 
impinge on the internal parts of clear Water or Cryſtal, 
thoſe ſubſtances would rather have a cloudy Colour 
than a clear tranſparency. To make Bodies look black, 
its neceſſary that many rays be ſtopt, retained and loft 
in them, and it ſeems not probable that any rays can 
be ſtopt and ſtifled in them which do not impinge on 
their parts. l eto 1 

And hence we may underſtand that Bodies are much 
more rare and porous than is commonly believed. Wa- 
ter is 19 times lighter, and by conſequence 19 times 
rarer than Gold, and Gold is ſo rare as very readily 


and without the leaſt oppoſition to tranſmit the mag- 


netick. Effluvia, and eaſily to admit Quick-filver into 
its pores, and to-let Water paſs through it. For a con- 
cave Sphere of Gold filled with Water, and ſodered up, 
has upon preſſing the Sphere with great force, let the 
Water ſqueeze through it, and ſtand all over its out- 
fide in multitudes of ſmall Drops, like dew, without 


burſting or cracking the Body of the Gold as I have 


been informed by an Eye-witneſs. From all which we 
may conclude, that Gold has more pores than ſolid 
parts, and by conſequence that Water has above forty- 


times more pores than parts. And he that ſhall find out 


an Hypothefis, by which Water may be ſo rare, and yet 


not be capable of compreſſion by force, may doubtleſs. 


by the ſame Hypotheſis make Gold and Water, and all 


other 


Now if Light be reflected not by impinging on the 
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other Bodies as much rarer as he pleaſes, ſo that Light 
may find a ready paſſage through tranſparent ſub- 
ſtances. LICE | * RET VE 


| Bodies reflect and refrack Light by one and the fame 


power variouſly exerciſed in various circumſtances. 
This appears by feveral Confiderations. Firft, Be- 
cauſe when Light goes out of Glaſs into Air, as ob- 
tiquely as it can poſſibly do, if its incidence be made 
ftill more oblique, it becomes totally reflected. For 
the power of the Glaſs after it has refracted the Light 
as obliquely as is poffible if the incidence be ſtill made 
more oblique, becomes too ſtrong to let any of its rays 
go through, and by conſequence cauſes total reflexions. 
Secondly , Becaufe Light is alternately refſected and 
tranfimitted by thin Plates of Glaſs for many ſucceſſiens 
accordingly, as the thickneſs of the Plate increafes 
in an arithmetical Progreffion. For here the thickneſs 
of the Glaſs determmes whether that power by: which 
Glaſs acts upon Light ſhall cauſe it to 'be-refle&ed, or 
fuffer it to be trantmitted. And, Thirdly, becauſe thoſe 
{urfaces of tranfparent Bodies which have the greateſt 
refracting power, reflect the greateſt quantity of Light, 
as was ſhewed in the firſt Propoſition. 


NOF. X. 


If Light be ſwifter in Bodies than in Pacuo in the 
proportion of the Sines which meaſure the refraclion of the 
. Budres, the forces of the Bodies to reflect and refract Ligbt, 


are 


171 


are very nearly proportional to the denſities of the ſame 


Bodies, exceptmg that undtuous and ſulphureous Bodies re- 


frat more than others of this ſame denſity. 


Let AB repreſent the refracting plane ſurface of any 


Body, and I Ca ray incident very obliquely upon the 


Body in C, ſo that the Angle ACI may be infinitely 
little, and let CR be the refracted ray. From a given 


int B perpendicular to the refracting ſurface erect 
R meeting with the refracted ray CR in R, and if 


CR repreſent the motion of the refracted ry, and this 


motion be diſtinguiſhed into two motions CB and BR, 
whereof CB is a parallel to the refracting plane, and 


BR perpendicular to it: CB ſhall repreſent the motion 


of the incident ray, and BR the motion generated by 
the refraction, as Gpticians have of late explained. 
Now if any body or thing in moving through any 
ſpace of a giving breadth terminated on both ſides by 
two parallel plains, be urged forward in all parts of 
that ſpace by forces tending directly forwards towards 
the laſt plain, and before its incidence on the firſt 
plane, had no motion towards it, or but an infinitly 
little one; and if the forces in all parts of that ſpace, 
between the planes be at equal diſtances from the planes 
equal to one another, but at ſeveral diſtances be bigger 
or leſs in any given proportion, the motion generated 


by the forces in the whole paſſage of the body or thing 
through 


J 
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through that ſpace ſhall be in a ſubduplicate proportion 
of the forces, as Mathematicians will eaſily underſtand, 
And therefore if the ſpace of activity of the refracting 
ſuperficies of the Body be confidered as ſuch a ſpace, 
the motion of the ray generated by the refracting force 
of the Body , during its paſſage through that ſpace 
that is the motion BR muſt be in a ſubduplicate 
proportion of that refracting force: I ſay therefore that 
the ſquare of the Line BR, and by conſequence the 
refracting force of the Body is vey nearly as the den- 
fity of the ſame Body. For this will appear by the fol- 
lowing Table, wherein the'proportion of the Sines which 
meaſure the refraxions of ſeveral Bodies, the ſquare 
of BR ſuppoſing CB an unite, the denſities of the 
Bodies eſtimated by their ſpecifick gravities, and their 

refractive power in reſpect of their denſities are ſet 

down in ſeveral Columns. od notiog! 


= "I N 
. 
* * 
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The naſa Square of 


of the Sines of| B R, to which 


and ſpeci- Five powe 


The 22 5 pov 


The refraction of the Air in this Table is determined 
by that of the Atmoſphere obſerved by Aſtronomers. 
For if Light paſs through many refracting ſubſtances or 
and denſer, and terminated 


mediums gradually denſer 
5 with 


LI 


The refracting Bodies. incidence and, the refractingſ fic gravity of the Bod 
f refraction of] force the Bo. of the Bo- in reſpe 
| | | yellow Light. | dy # propor- dy. | of its den- 
tionate. | ſity. | 
A unn be- 1 J 
ing a natural,pellucid,} _ „ Pi „ Tg. 
brach hairy 8 het hin 1 699 T7 3979 
a yellow Colour 1 | 
Air | 3851 to 38 50 0'00052 o'00125 | 4160 
Glaſs of Antimony 17 to 9|2*568 528: 4864 
A Selenitis 61 to 4i[r213 2232 5366 
Glaſs vulgar _ 31 to 20| 14025 2'5 0436 - | 
Cryſtal of the Rock | 25to 16] 144 . 5450 
Iſland Cryſtal 3300 311778 272 6536 
Sal Gemmæ 17 to 11 1388 T2145 - 6477 
Alume 350 4 1˙1 267 1714 | 6570 
Borax 22 t0 151˙1511 e 
Niter 3 I 
Dantzick Vitriol . 303 to 200 1˙295 171 ⁶ 7551 
Oyl of Vitrio!l! | roto 71˙ 041 1 
Rain Water 529 to 396|0'7845 I. 7845 
Gumm Arabic ö AEST: 4, 46574 
Spiritot Wine well recti 100 to 73/0/8765 [0/866 | 10121 
Camphire 3.to 58] 125.77; 467996: if: 22590. 
Oyl Olive 22 to 15|1'1511 o'913 | 12607 
_. Lantſeed Oyl 40 to 2711948 0932 | 12819 
Spirit of Turpentine | 25 to 17]1'1626 fſo'874 | 13222 | 
Ambar os oo 
A Diamond II to 414949 |3'4 | 14556 
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with parallel ſurfaces, the ſumm of all the refractions 
will be equal to the fingle refraction which it would 


have ſuffered in paſſing immediately out of the firſt 
medium into the laſt, And this holds true, though the 
number of the refracting fubftances be increaſed to infi- 
nnity, and the diftances from one another as much de- 


creaſed, ſo that the Light may be refracted in every 


Point of its paſſage, and by continual refractions bent 
into a curve Line. And therefore the whole refraction 


of Light in paſſing through the Atmoſphere from the 
higheſt and rareſt part thereof down to the loweft and 


deten pet mutt "bb equal to the refraction which it 


cuum immediately into Air of e 


would fuffer in paffing at like obliquity out of a Va- 


— 


qual denſity with that 


in the loweſt part of the Atmoſphere. 


Now. by this Table, the refractions of a Pſeudo-To- | 


paz, a Selenitis, Rock Cryſtal, Iſland Cryſtal, Vulgar 
| Glaſs (that is, Sand melted together) and Glaſs of 


Antimony, which are terreftrial ſtony alcalizate con- 
cretes,and Air which probably arifes from ſuch ſubſtances 
by fermentation, though theſe be fubſtances very differing 
from one another in denfity, yet they have their refra- 


Clive powers almoſt in the ſame proportion to one ano- 


ther as their denſities are, excepting that the refraction of 
that ſtrange ſubſtance Iſſand-Cryſta! is a little bigget 
than the reſt. And particularly Air, which is 3400 times 
rarer than the Pſeudo-Topaz, and 4200 times rarer than 
Glaſs of Antimony, has notwithſtanding its rarity the 
ſame refractive power in reſpect of its denſity which 
thoſe two very denſe ſubſtances have in reſpect of theirs, 
excepting ſo far as thoſe two differ from one another. 


Again, 


1 pable of vitrification. 


8 . 
Again, the refraction of Camphire, Oyl-Olive, Lint- 
ſeed Oyl, Spirit of Turpentine and Amber, which are 
fat ſulphureous unctuous Bodies, and a Diamond, which 
probably is an unct uous ſubſtance coagulated, have their 
refractive powers in proportion to one another as their 
denſities without any conſiderable variation. But the 
refractive power of theſe unctuous ſubſtances is two 
or three times greater in reſpect of their denſities than 
the refractive powers of the former ſubſtances in reſpecrt 
of theirs. . : . 
Water has a refractive power in a middle degree be- 
tween thoſe two ſorts of ſubſtances, and probably is of 
a middle nature. For out of it grow all vegetable and 
animal ſubſtances, which conſiſt as well of ſulphureous 
fat and inflamable parts, as of earthy lean and alcali- 
a 14 | 
Salts and Vitriols have refractive powers in a middle 
degree between thoſe of earthy ſubſtances and Water, 
and accordingly are compoſed of thoſe twoſorts of ſub- 
ſtances. For by diſtillation and rectification of their 
Spirits a great part of them goes into Water, and a great 
part remains behind in the form of a dry fixt earth ca- 


Spirit of Wine has a refractive power in a middle 
degree between thoſe of Water and oyly ſubſtances, and 
accordingly ſeems to be compoſed of both, united by 
fermentation ; the Water, by means of ſome ſaline Spi- 
rits with which 'tis impregnated, diflolving the Oyl, 
and volatizing it by the action. For Spirit of Wine is 
inflamable by means of its oyly parts, and being diſtil- 
led often from Salt of Tartar, grows by every diſtilla- 


tion more and more aqueous and flegmatick. And 
LI 2 Chymiſts 
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| Chymiſts obſerve, , that Vegitables (as Lavender, Rue, 
Marjoram, Vc.) diſtilled per ſe, before fermentation 
yield Oyls without any burning Spirits, but after fer- 
mentation yield ardent Spirits without Oyls: Which 
ſhews, that their Oyl is by fermentation converted into 
Spirit. They find alſo, that if Oyls be poured in ſmall 
quantity upon fermentating Vegetables, they diſtil over 
after fermentation in the form of Spirits. 
So then, by the foregoing Table, all Bodies ſeem to 
have their refractive powers proportional to their 
denfities, (or very nearly; ) excepting ſo far as they 
partake more or leſs of ſulphurous oyly particles, and 
thereby have their refractive power made greater or 
leſs. Whence it ſeems rational to attribute the refra- 
ctive power of all Bodies chiefly, if not wholly, to the 
ſulphurous parts with which they abound. For it's 
probable that all Bodies abound more or leſs with Sul- 
phurs. And as Light congregated by a Burning-glaſs 
acts moſt upon ſulphurous Bodies, to turn them in- 
to fire and flame; fo, fince all action is mutual, Sul- 
phurs ought to act moſt upon Light. For that the 
action between Light and Bodies is mutual, may appear 
from this Conſideration, That the denſeſt Bodies which 
refract and reflect Light moſt ſtrongly grow hotteſt in 
the Summer-Sun, by the action of the refracted or re- 
flected Light. VVV 
I have hitherto explained the power of Bodies to re- 
flect and refract, and ſhewed, that thin tranſparent 
plates, fibres and particles do, according to their ſeveral 
thickneſſes and denſities, reflect ſeveral. forts of rays, 
and thereby appear of ſeveral Colours, and by. conſe- 
quence that nothing more 1s requiſite for producing all 
22 7 « — the 
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the Colours of natural Bodies than the ſeveral ſizes and 
denſities of their tranſparent particles. But whence it 
is that theſe plates, fibres and particles do, according 
to their ſeveral thickneſſes and denſities, reflect ſeveral 
ſorts of rays, L have not yet explained. To give ſome 
inſight into this matter, and make way for underſtan- 
ding the next Part of this Book, I ſhall conclude this 
Part with a few more Propoſitions. Thoſe which pre- 
ceded _ the nature of Bodies, theſe the nature of 
Light : For both muſt be underſtood before the reaſon 
of their actions upon one another can be known. And 
becauſe the laſt Propoſition depended upon the velo- 
ny of Light, I will begin with a Propoſition of that. 
kind. PE On 


p R O P. XI. 


Light is propagated from luminous Bodies in time, and. 
ſpends about ſeven or eight minutes of an hour in paſſing 
from the Sun to the Earth. . 

Ibis was obſerved firſt by Romer, and then by others, 
by means of the Eclipſes of the Satellites of Jupiter. 
For theſe Eclipſes, when the Earth is between the Sun. 
and Jupiter, happen about ſeven or eight minutes ſooner 
than they ought to.do-by the Tables, and when the Earth. 
is beyond the Sun they happen about ſeven or eight mi- 
nutes later than they ought to do; the reaſon being, that 
the Light of the Satellites has farther to go in the latter 
caſe than in the former by the Diameter of. the Earth's. 
Orbit. Some. inequalities of time may ariſe from- the 
excentricities of the Orbs of the Satellites ; but thoſe 
cannot anſwer in all the. Satellites, and at all times 
. to. 
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to the poſition and diſtance of the Earth from the Sun, 
The mean motions of Fupiter's Satellites is alſo fwifter 


in his deſcent from his Aphelium to his Perihelium, 
than in his aſcent in the other half of his Orb : But this 
inequality has no reſpe& to the poſition of the Earth 

and in the three interior Satellites is inſenſible, as I find 
by computation from the Theory of their gravity. 


PROP. XII. 


Every ray of Light in its paſſage through any refra- 
cking ſurface is put into a certain tranſient conſtitution 
or ſtate, which in the progreſs of the ray returns at 
equal intervals, and di es the ray at every return 
to be eaſily tranſmitted through the next refractin 71 
face, and between the returns to be eaſily reflect, by 
21. | 
This is manifeſt by the 5th, ↄth, 12th and 15th Ob- 
ſervations. For by thoſe Obſervations it appears, that 
one and the ſame fort of rays at equal Angles of inci- 
dence on any thin tranſparent plate, is alternately refle- 
Red and tranſmitted for many ſucceſſions accordingly, 
as the thickneſs of the plate increaſes in arithmetical 
progreſſion of the numbers o, 1, 2, 3, 4, 5, 6, 7, 8, Ve. 
ſo that if the firſt reflexion (that which makes the firſt 
or innermoſt of the Rings of Colours there deſcribed ) 
be made at the thickneſs 1,the rays ſhall be tranſmitted at 
the thickneſſes o, 2, 4, 6, 8, 10, 12, Vc. and thereby 
make the central Spot and Rings of Light, which ap- 
pear by tranſmiſſion, and be reflected at the thickneſs 
I, 3 5 77 911, Nc. and thereby make the Rings which 


appear 


1 5 
appear by reflexion. And this alternate reflexion and 
tranſmiſſion, as I gather by the 24th Obſervation, con- 
tinues for above an hundred viciſſitudes, and by the 
the Obſervations in the next part of this Book, for many 
thoufands, being propagated from one ſurface of a Glaſs- 
plate to the other, rhough the thickneſs of the plate 
be a quarter of an Inch or above: So that this alter- 
nation ſeems to be propagated from every refracting 
ſurface to all diſtances without end or limitation. 1 
This alternate reflexion and refraction depends on 
both the ſurfaces of every thin plate, becauſe it de- 
pends on their diſtance. By the 21th Obſervation, if 
either ſurface of a thin plate of Muſcovy-Glaſs be wet- 
ted, the Colours cauſed by the alternate reflexion 
and refraction grow faint, and therefore it depends on 
them both. 5 ; 
It is therefore performed at the ſecond ſurface, for 
if it were performed at the firft, before the rays ar- 
rive at the ſecond, it would not depend on the ſe- 
cond. 7 
It is alſo influenced by ſome action or diſpoſition, 
propagated from the firſt to the ſecond, becaule other- 
wiſe at the ſecond it would not depend on the firſt. And 
this action or diſpoſition, in its propagation, intermits 
and returns by equal intervals, becauſe in all its pro- 
greſs it inclines the ray at one diftance from the firſt. 
ſurface to be reflected by the ſecond, at another to be 
tranſmitted by it, and that by equal intervals for innu- 
merable vieiſſitudes. And becauſe the ray is diſpoſed | 
to reflexion at the diſtances 1, 3, 5, 7, 9, Oc. and to 
tranſmiffion at the diſtances o, 2, 4, 6, 8, 10, Oc, (for 
its tranſmiſſion through the firſt ſurface, is at ns di- 
ance 
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Nance” o,; and it is tranſmitted through both toge- 
ther, if their diſtance be infinitely little or much lefs 
than 1) the diſpoſition to be tranſmitted at the diſtances 
2, 4, 6,8, 10, be. is to be accounted a return of the 
ſame diſpoſition which the ray firſt had at the diſtanceo, 
that is at its tranſmiſſion through the firſt refracting ſur- 
face. All which is the thing I would prove. 
What kind of action or diſpoſition this is? Whether 
it conſiſt in a circulating or a vibrating motion of the 
ray, or of the medium, or ſomething elſe ? I do not 
here enquire. Thoſe that are averſe from aſſenting to 
any new diſcoveries, but ſuch as they can explain by an 
Hypotheſis, may for the preſent ſuppoſe, that as Stones 
by falling upon Water put the Water into an undula- 
ting motion, and all Bodies by percuſſion excite vibra- 
tions in the Air; fo the rays of Light, by impinging on 
any refracting or reflecting ſurface, excite vibrations in 
the refracting or reflecting medium or ſubſtance, and 
by exciting them agitate the ſolid parts of the refracting 
or reflecting Body, and by agitating them cauſe the Body 
to grow warm or hot ; that the vibrations thus excited 
are propagated in the refracting or reflecting medium 
or ſubſtance, much after the manner that vibrations are 
propagated” in the Air for caufing ſound, and move 
faſter than the rays ſo as to overtake them; and that 
_ when any ray is in that part of the vibration which con- 
{tpires with its motion, it eaſily breaks through a re- 
fracting ſurface, but when it is in the contrary part of 
the vibration which impedes its motion, it is eaſily 
reflected; and, by conſequence, that every ray is ſuc- 
ceſſively diſpoſed to be eafily reflected, or eafily tranſ- 
mitted, by every vibration which overtakes it. But 
2H 5 e whether 
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whether this riypotheſis be true or falſe I do not here 
confider. 1 content my ſelf with the bare diſcovery, 
that the rays of Light are by ſome cauſe or other alter- 
nately diſpoſed to be reflected or refracted for many vi- 
ciſſitudes. | | 0 


DEFINITION. 


The returns of the diſpoſition of any ray to be reflected 

I will call its Fits of eaſy reflexion, and thoſe of 

ite diſpoſition to be tranſmitted its Fits of eaſy tranſ- 

_ miſſion, and the ſpace it paſſes between every re- 

78 and the next return, the Interval of its 
Es. I | 


PROP. XIII. 


be reaſon why the ſurfaces of all thick tranſparent 
Bodies reflect part of the Light incident on them, and 
refrad the reſt, i, that ſome rays at their incidence are 
in Fits of bs reflexion, and others in Fits of eaſy tranſ- 
mn. 8 . 3 

As may be gathered from the 24th Obſervation, 
where the Light refle&ed by thin plates of Air and Glaſs, 
which to the naked Eye appeared evenly white all over 
the plate, did through a Priſm appear waved with many 
ſucceſſions of Light and Darkneſs made by alternate fits 
of eaſy reflexion and eaſy tranſmiſhon , the Priſm 
ſevering and diſtinguiſhing the waves of which the 
white reflected Light wag compoſed, as was explained 
above. F mute N 


Mm 7 And 


And hence Light is in fits of eaſy reflexion and eaſy 
tranſmiſſion, before its incidence on tranſparent Bodies. 
And probably it is put into ſuch fits at its firſt emiſſion 
from luminous Bodies, and continues in them during 
all its progreſs. For theſe fits are of a laſting Nature, 
as will appear by the next part of this Book. 

In this Propoſition J ſuppoſe the tranſparent Bodies 
to be thick, becauſe if the thickneſs of the Body be 
much leſs than the interval of the fits of eaſy reſſexion 
and tranſmiſſion of the rays, the Body loſeth its reflecting 
power. For if the rays, which at their entering into 
the Body are put into fits of eaſy tranſmiſſion, arrive at 
the furtheſt ſurface of the Body before they be out of 
thoſe fits they muſt be tranſmitted. And this is the 
reaſon why Bubbles of Water loſe their reflecting power 
when they grow very thin, and why all opake Bo- 
dies when reduced into very ſmall parts become tranſ- 
parent. n 5 $200 : Wc 


PROP. XIV. 
T boſe ſurfaces of tranſparent Bodies, which if the ray 
be in a fit of refraction do refract it moſt ſtrongly, if the 

ray be in a fit of reflexion do reflect it moſt eaſily. 
For we ſhewed above in Prop. 8. that the cauſe of 
reflexion is not the impinging of Light on the ſolid 
impervious parts of Bodies, but ſome other power by 
which thoſe ſolid parts act on Light at a diſtance. We 
ſhewed alſo in Prop. 9. that Bodies reflect and refract 
Light by one and the ſame power variouſly exerciſed in 
various circumſtances, and in Prop. 1. that the moſt 
ſtrongly refracting ſurfaces reflect the moſt Light: All 
> 1 which 
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which compared together evince and ratify both this 
and the laſt Propofition. 


PAO P.. XV. 


In any one and the ſame ſort of rays emerging in any 
Angle out of any refracting ſurface into one 20 the ſame 
2 the interval of the following fits of eaſy reflexion 
and tranſmiſſion are either accurately or very nearly, as 
the Rectangle of the ſecant of the 20% J refraction, and 
of the ſecant of another Angle, whoſe ſine is the firſt of 
106 arithmetical mean proportionals , between the ſines 
of incidence and refraction counted from the ſine of re- 
fraction. | gs, 
This is manifeſt by the 7th Obſervation. 
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In ſeveral ſorts of rays emerging in equal Angles out 
of any 1 ſurface into the ſame medium, the inter- 

val. of the follouung fits of eaſy reflexion and eaſy tranſ- 
_ miſſion, are either eee or very nearly, as the Cube. 
roots of the Squares of the lengths f a Chord, which ſound 
the notes in an Eight, ſol, la, fa, fol, la, mi, fa, ſol, with 
all their intermediate degrees anſwering to the Colours of 
thoſe, rays, according to the Analogy deſcribed in the ſe- 
venth Experiment f the ſecond Book. 
This is manifeſt by the 13th and 14th Obſervations. 
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PROP. XVII. 


If rays of any one ſort. paſs perpendicular ly into ſeveral 
mediums, the mtervals of the 1 te of eaſy re flecion and 
n in any one medium, 1 to thoſe inter vale in 


other as the ſine of incidence to the ſine of refraction, 


_ when the rays 20 out 'of the fu ſt of thoſe two mediums 
into the ſecond. 


This! 1s manifef & by the roth Obſervation. 


PROP XVIII. 


2 the rays' which - paint the Colour in the confine LY 
yellow and orange paſs "of thi fu of arly out 0 225 any medium 


into Air, the mtervals of their reflexion are 
the rat part of an Inch. And 1 e ſame length are 
the intervals of their fits of eaſy tranſmiſſion. 

his is manifeſt by the 6th Obſervation. 4,8 

From theſe Propoſitions it is eaſy to collect the in- 

tervals of the fits of eaſy reflexion and eaſy tranſmiſ- 
fion of any ſort of rays refracted in any Angle into 
any medium, and thence to know, whether the rays 
ſhall be reflected or tranſmitted at their ſubſequent 
incidence upon any other pellucid medium. Which 
thing being uſeful for underſtanding, the next part of 
this 1 was here to be ſet down. And for the tame 
reaſon I add the two following Propofitions. 


PROP. 
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PROP. XIX. 


Tf any ſort of rays falling on the polite ſurface of any 
pellucid medium be reflecied back, the fits of eaſy re- 
flexion which they have at the point of reflexion , ſhall 
ſtill continue to return, and the returns ſhall be at di- 
ſtances from the point of reflexzon in the arithmetical 
progreſſuon of the numbers 2, 4 6, 8, 10, 12, Kc. and be- 
tween theſe fits the rays ſhall be in frts of eaſy tranſ- 
A 

For fince the fits of eaſy reflexton- and eaſy tranſ. 
miſhon are of a returning nature, there is no reaſon 
why theſe fits, which continued: till the ray arrived at 
the reflecting medium, and there inclined the ray to 
reflex1on, ſhould there ceaſe. And if the ray at the 
point of reflexion was in a fit of eaſy reflexion, the 
1 the diſtances of theſe fits from that point 
muſt begin from o, and ſo be of the numbers o, 2, 4, 
6, 8, Be. And therefore the progreſſion of the di- 
ſtances of the intermediate fits of eaſy tranſmiſſion rec- 
koned from the ſame point, muſt be in the progreſſion 
of the odd numbers 1, 3, 5, ) 9 He. contrary to what 
happens when the fits are propagated from points of- 
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PFROP:-XX. 
The intervals of the fits of eaſy reflexion and eaſy 


2 Lon, propagated from points of reflexion into any 
medium, are equal to the intervals of the like fits which 
the ſame rays would have, if refracted into the ſame 

medium 
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medium in Angles of refraction equal to their Angles of 
reflexion. vor wy. 17 

For when Light is reflected by the ſecond ſurface of 
thin plates, it goes out afterwards freely at the firſt ſur- 
face to make the Rings of Colours. which appear by 
reflexion, and by the freedom, of 1ts egreſs, makes the 
Colours of theſe Rings more vivid and ftrong than thoſe 
which appear on the other fide of the plates by the 
tranſmitted Light. The reflected rays are therefore in 
fits of eaſy tranſmiſſion at their egreſs ; which would 
not always happen, if the intervals of the fits within 
the plate after reflexion were not equal both in length 
and number to their intervals before it. And this confirms 
alſo the proportions ſet down in the former Propoſition. 
For if the rays both in going in and out at the firſt ſurface 
be in fits of eaſy tranſmiſſion, and the intervals and num- 
bers of thoſe fits between the firſt and ſecond ſurface, 
before and after reflexion, be equal; the diſtances, of 
the fits of eaſy tranſmiſſion from either ſurface, muſt, be 
in the ſame progreſſion; after reflexion as before; that 
is, from the firft ſurface which tranſmitted them, in 
the progreſſion of the even number 8.0 0 45 6 8, Oc. 
and from the ſecond which reflected them, in that of 
the odd numbers 1, 3, 5, 7, Vc. But theſe two Pro- 
poſitions will become much more evident by the Qbſer- 
vations in the following part of this Book. 
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Obſervations concerning the Reflexions and Colours of 
©... thick tranſparent poliſhed Plates. 


Here is no Glaſs or Speculum how well ſoever 
KK poliſhed, but, beſides the Light which it refracts 
or reflects regularly, ſcatters "_ way irregularly a 
faint Light, by means of which the poliſhed ſurface, 
when illuminated in a dark Room by a beam of the 
Sun's Light, may be eaſily ſeen in all poſitions of the 
Eye. There are certain Phænomena of this ſcattered 
Light, which when I firſt obſerved them, ſeemed very 
ſtrange and ſurprifing to me. My Obſervations were 
as follows. . 5 | 


OBS. 
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OBS. FI. 


Tßhe Sun ſhining into my darkened Chamber through 
a Hole of an Inch wide, 1 


let the intromitted beam 
of Light fall perpendicularly upon a Glaſs Speculum 
ground concave on one fide and convex on the other, 
to a Sphere of five Feet and eleven Inches Radius, and 
quick-filvered over on the convex fide. And holding 
a white opake Chart, or a Quire of Paper at the Center 
of the Spheres to which the Speculum was ground, that 
is, at the diſtance of about five Feet and eleven Inches 
from the Speculum, in ſuch manner, that the beam of 
Light might paſs through a little Hole made in the 
middle of the Chart to the Speculum, and thence be 
reflected back to the ſame Hole: I obſerved upon the 
Chart four or five concentric-Iriſes or Rings of Colours, 
like Rain-bowys, encompaſſing the Hole much after the 
manner that thoſe, which in the fourth and following 
Obſervations of the firſt part of this third Book appeared 
between the Object -Glaſſes, encompaſſed the black Spot, 
burt yet larger and fainter than thoſe. Theſe Rings as 
they grew larger and larger became diluter and fainter, 
ſo that the fifth was ſcarce viſible. | Yet ſometimes, 
when the Sun ſhone very clear, there appeared faint 
Lineaments of a ſixth and ſeventh. If the diſtance of 
the Chart from the Speculum was much greater or much 
leſs than that of ſix Feet, the Rings became dilute and 
vaniſhed. And if the diſtance of the Speculum from 
the Window was much greater than that of fix Feet, 
the reflected beam of Light would be fo broad at the 
diftance of fix Feet from the Speculum where the Rings 


appeared, 
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appeared, as to obſcure one or two of the innermoſt. 
Rings. And therefore I uſually placed the Speculum 
at about fix Feet from the Window; ſo that its Focus 
might there fall in with the center of its concavity at the 
Rings upon the Chart. And this poſture is always to 
be underſtood in the following Obſervations where no 
other is expreſt. 


OBS. II. 


The Colours of theſe Rain-bows ſucceeded one ano- 
ther from the center outwards, in the ſame form and 
order with thoſe which were made in the ninth Obſer- 
vation of the firſt Part of this Book by Light not re- 
flected, but tranſmitted through the two Object-Glaſſes. 
For, firſt, there was in their common center a white 

round Spot of faint Light, ſomething broader than the 
reflected beam of Light; which beam ſometimes fell 
upon the middle of the Spot, and ſometimes by a little 
inclination of the Speculum receded from the middle, 
and left the Spot white to the center. DO. 
This white Spot was immediately encompaſſed with 
a dark grey or ruſſet, and that darkneſs with the Co- 
lours of the firſt Iris, which were on the inſide next 
the darkneſs a little violet and indico, and next to that 
a blue, which on the outſide grew pale, and then ſuc- 
ceeded a little greeniſh yellow, and after that a brighter 
yellow, and then on the outward edge of the Iris a red 
which on the outſide inclined to purple. | 

This Iris was immediately encompaſſed with a ſe- 
cond, whoſe Colours were * order from the inſide 

n out- 
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outwards, purple, blue, green, yellow, light red, a red 
mixed with purple. 1 3 
Then immediately followed the Colours of the third 
Iris, which were in order outwards a green inclining 
to purple, a good green, and a red more bright than 
that of the former Iris. ; 8 8 
The fourth and fifth Iris ſeemed of a bluiſh green 
within, and red without, but fo faintly that it was dif- 
ficult to diſcern the Colours. 


3 : OBS. III. 


- Meaſuring the Diameters of theſe Rings upon the 
Chart as accurately as J could, I found them alſo in 
the . ſame proportion to one another with the Rings 
made by Light tranſmitted through the two Object- 
Glaſſes. For the Diameters of the four firft of the 
bright Rings meaſured between the brighteſt parts of 
their orbits, at the diſtance of fix Feet from the Specu- 
lum were 14, 23, 2%, 33 Inches, whoſe ſquares are in 
arithmetical progreſſion of the numbers 1, 2, 3, 4. If 
the white circular Spot in the middle be reckoned 
amongſt the Rings, and its central Light, where it 
ſeems to be moſt luminous, be put equipollent to an 
infinitely little Ring ; the ſquares of the Diameters of the 
Rings will be in the progreſſion o, 1, 2, 3, 4, &c. I 
meaſured alſo the Diameters of the dark Circles be- 
tween theſe luminous ones, and found their ſquares 
in the progreſſion of the numbers 2, 15, 21, 37, Vc. 
the Diameters of the firſt four at the diſtance of ſix Feet 
from the Speculum, being 136, 25, 23, 32, Inches. If 
the diſtance of the Chart from the Speculum was xp 
creaſed 


. T_T 
creaſed or diminiſhed, the Diameters of the Circles were 
increaſed or diminiſhed proportionally. 


0 
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By the analogy between theſe Rings and thoſe de- 
ſcribed in the Obſervations of the firſt Part of this Book, 
I ſuſpected that there were many more of them which 


ſpread into one another, and by interfering mixed their 


Colours, and diluted one another ſo that they could 
not be ſeen apart. I viewed them therefore through a 
Priſm, as I did thoſe in the 24th Obſervation of the 
firſt Part of this Book. And when the Priſm was fo 
placed as by refracting the Light of their mixed Co- 
lours to ſeparate them, and diſtinguiſh the Rings from 


one another, as it did thoſe in that Obſervation, I could 


then ſee them diſtincter than before, and eafily num- 
ber eight or nine of them, and ſometimes twelve or 


thirteen. And had not their Light been fo very faint, 


I queſtion not but that I might have ſeen many more. 
OS. V. 


Placing a Priſm at the Window to refract the intro- 
mitted beam of Light, and caſt the oblong Spectrum 
of Colours on the Speculum: I covered the Speculum 
with a black Paper which had in the middle of it a Hole 
to let any one of the Colours paſs through to the Spe- 
culum, whilſt the reſt were intercepted by the Paper. 
And now I found Rings of that Colour only which fell 
upon the Speculum. If the Speculum was illuminated 
with red the Rings were totally red with dark inter- 

Nn2 vals, 
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vals, if with blue they were totally blue, and ſo of the 
other Colours. And when they were illuminated with 
any one Colour, the Squares of their Diameters mea- 
ſured between their moſt luminous parts, were in the 
arithmetical progreſſion of the numbers o, 1, 2,3, 4, and 
the Squares of the Diameters of their dark intervals in 
the progreſſion of the intermediate numbers , 1-, 2% 31: 
But if the Colour was varied they varied their magni- 
tude. In the red they were largeſt, in the indico and 
violet leaſt, and in the intermediate Colours yellow, 
green and blue; they were of ſeveral intermediate big- 
neſſes anſwering to the Colour, that is, greater in yel- 
low than in green, and greater 1n green than 1n blue. 
And hence I knew that when the Speculum was illumi- 
nated with white Light, the red and yellow on the out- 
fide of the Rings were produced by the leaſt refrangible 
rays, and the blue and violet by the moſt refrangible, 
and that the Colours of each Ring ſpread into the Co- 
lours of the neighbouring Rings on either fide, after 
the manner explained in the firſt and ſecond Part of this 
Book, and by mixing diluted one another ſo that they 
could not be diſtinguiſhed, unleſs near the center where 

they were leaſt mixed. For in this Obſervation I could 
ſee the Rings more diſtinctly, and to a greater number 
than before, being able in the yellow Light to number 
eight or nine of them, befides a faint ſhadow of a tenth. 
To fatisfy my ſelf how much the Colours of the ſeveral 
Rings ſpread into one another, I meaſured the Diame- 
ters of the ſecond and third Rings , and found them 
when made by the confine of the red and orange to be 
the ſame Diameters when made by the confine of blue 
and indico, as 9 to 8, or thereabouts. For it was hard 
— ENG {i 


[930 


to determine this e accurately. Alſo the Cir- 
cles made ſucceſſively by the red, yellow and green, 
differed more from one another than thoſe made ſucceſ- 
ſively by the green, blue and indico. For the Circle 
made by the violet was too dark to be ſeen. To carry 
on the computation, Let us therefore ſuppoſe that the 
differences of the Diameters of the Circles made by the 
outmoſt red, the confine of red and orange, the confine 
of orange and yellow, the confine of yellow and green, 
the confine of green and blue, the conhne of blue and 
indico, the confine of indico and violet, and outmoſt vio- 
let, are in proportion as the differences of the lengths 
of a Monochord Lg, ſound the tones in an Eight ; 
| fol. la, fa, ſol, Ia, mi, fa, ſol, that is, as the numbers 5, 
p 15 92 55 . And the Diameter of the Circle made 
by the confine of red and orange be 9 A, and that of 
the Circle made by the confine of blue and indico be 


8 A as above, their difference 9 A ---- 8 A will be to 
the difference of the Diameters of the Circles made by 
the outmoſt red, and by the confine of red and orange, 
as ts 1 1. Tf. +37 t05, that is as to5 or. 8 to 3, and to 
the difference of the Circles made by the outmoſt violet, 
and by the confine of blue and indico, as is + i: + i: + 57 
to 2, +3e, that is, as 7 to 14, or as 16 to 5. And there- 
fore theſe differences will be + A and i A. Add the 
firſt to 9 A and ſubduct the laſt from 8 A, and you 
will have the Diameters of the Circles made by the 
leaſt and moſt refrangible rays s A and 2: A. Theſe 
Diameters are therefore to one another as 75 to 615 or 
50 to 41, and their Squares as 2500 to 1681, that 1s, 
as 3 to 2 very nearly. Which proportion differs not 
much from the proportion of the Diameters of the 
- Circles. 
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Hole in the Window, and when t 


reflected Light conſtantly varied upon the Speculum, 
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Circles made by the outmoſt red and outmoſt violet in 
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the Clouds propagated to the Penn, through the 
e 


Clouds, unleſs when the Nec was removed to a 
dow, fo that his Light upon 
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as it did upon my Eye, the ſame Colour always ap- 
pearing to a By-ſtander upon my Eye which to me ap- 
peared upon the Speculum. And thence I knew that 
the Rings of Colours upon the Chart were made by theſe 
reflected Colours propagated thither from the Specu- 
lum in ſeveral Angles, and that their production de- 
g not upon the termination of Light and Shad- 
ow. 


r 


By the Analogy of all theſe Phænomena with thoſe of 
the like Rings of Colours deſcribed in the firſt Part of 
this Book, it ſeemed to me that theſe Colours were 
produced by this thick plate of Glaſs, much after the 
manner that thoſe were produced by very thin 
plates. For, upon tryal, I found that if the Quick- 
filver were rubbed off from the back-fide of the Specu- 
lum, the Glaſs alone would cauſe the ſame Rings of 
Colours, but much more faint than before ; and there- 
fore the Phænomenon depends not upon the Quick- 
filver, unleſs fo far as the Quick-filver by the increaſing 
the reflexion of the back-fide of the Glaſs increaſes the 
Light of the Rings of Colours. I found alſo that a Spe- 
culum of metal without Glaſs made ſome years fince 
for optical uſes, and very well wrought, produced none 
of thoſe Rings; and thence I underſtood that theſe 
| Rings ariſe not from one ſpecular ſurface alone, but 
depend upon the two ſurfaces of the plate of Glaſs where- 
of the Speculum was made, and upon the thickneſs of 
the Glaſs between them. For as in the 7th and 19th 
Obſervations of the firſt Part of this Book a thin plate | 
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of Air, Water, or Glaſs of an even thickneſs appeared 
of one Colour when the rays were perpendicular to it, 
of another when they were a little oblique, of another 
when more oblique, of another when ſtill more oblique, 
and fo on; ſo here, in the ſixth Obſervation, the Light 
which emerged out of the Glaſs in ſeveral obliquities, 
made the Glaſs appear of ſeveral Colours, and being 
propagated in thoſe obliquities to the Chart, there pain- 
ted Rings of thoſe Colours. And as the reaſon why a 
thin plate appeared of ſeveral Colours in ſeveral obli- 
quities of the rays,was,that the rays of one and the ſame 
{ort are refle&ed by the thin plate at one obliquity and 
tranſmitted at another, and thoſe of other ſorts tranſ- 
mitted where theſe are reflected, and reflected where 
theſe are tranſmitted: So the reaſon why the thick 
plate of Glaſs whereof the Speculum was made did ap- 
pear of various Colours in various obliquities, and in 
thoſe obliquities propagated thoſe Colours to the Chart, 
Was, that the rays of one and the ſame ſort did at one 
obliquity emerge out of the Glaſs, at another did not 
emerge but were reflected back towards the Quick-fil- 
ver by the hither ſurface of the Glaſs, and accordingly 
as the obliquity became greater and greater emerged 
and were reflected alternately for many ſucceſſions, and 
that in one and the ſame obliquity the rays of one ſort 
were reflected, and thoſe of another tranſmitted. This 
is manifeſt by the firſt Obſervat.on of this Book : For 
in that Obſervation, when the Speculum was illumi- 
nated by any one of the priſmatick Colours, that Light 
made many Rings of the ſame Colour upon the Chart 
with dark intervals, and therefore at its emergence out 
of the Speculum was alternately tranſmitted, and not 

] tranſ- 


. LE 
tranſmitted from the Speculum to the Chart for many 
ſucceſſions, according to the various obliquities of its 
emergence. And when the Colour caſt on the Specu- 
lum by the Priſm was varied, the Rings became of 
the Colour caſt on it, and varied their bigneſs with their 


Colour, and therefore the Light was now alternately 


tranſmitted and not tranſmitted from the Speculum to 
the Lens at other obliquities than before. It ſeemed to 
me therefore that theſe Rings were of one and the ſame 
original with thoſe of thin plates, but yet with this 
difference that thoſe of thin plates are made by the al- 
ternate reflexions and tranſmiſſions of the rays at the 
ſecond ſurface of the plate after one paſſage through it: 
But here the rays go twice through the plate before 
they are alternately reflected and tranſmitted; firſt, 
they go through it from the firſt ſurface to the Quick- 
filver, and then return through it from the Quick-filver 


to the firſt ſurface, and there are either tranſmitted to 


the Chart or reflected back to the Quick-filver, ac- 
cordingly as they are in their fits of eaſie reflexion or 
tranſmiſhon when they arrive at that ſurface. For the 
intervals of the fits of the rays which fall perpendicu- 


larly on the Speculum, and are reflected back in the 


ſame perpendicular Lines, by reaſon of the equality of 
theſe Angles and Lines, are of the ſame length and num- 
ber within the Glaſs after reflexion as before by the 
19th Propoſition of the third Part of this Book. And 
therefore fince all the rays that enter through the firſt 
ſurface are in their fits of eaſy tranſmiſſion at their en- 
trance, and as many of theſe as are reflected by the ſe- 
cond are in their fits of eaſy reflexion there, all theſe 
muſt be again in their fits of eaſy tranſmiſſion at their 
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return to the firſt, and by conſequence there go out of 
the Glaſs to the Chart, and form upon it the white 
Spot of Light in the center of the Rings. For the rea- 
ſon holds good in all ſorts of rays, and therefore all 
ſorts muſt po out promiſcuouſly to that Spot, and by 
their mixture caule it to be white. But the intervals 
of the fits of thoſe rays which are reflected more ob- 
liquely than they enter, muſt be greater after reflexion 
than before by the 15th and 20th Prop. And thence 
it may happen that the rays at their return to the firſt 
ſurface, may in certain obliquities be in fits of eaſy re- 
flexion, and return back to the Quick-ſ1Iver, and in 
other intermediate obliquities be again in fits of eaſy 
tranſmiſhon, and fo go out to the Chart, and paint on 
it the Rings of Colours about the white Spot. And 
becauſe the intervals of the fits at equal obliquities are 


greater and fewer in the leſs refrangible rays, and leſs 


and more numerous in the more refrangible, therefore 
the leſs refrangible at equal obliquities ſhall make fewer 
Rings than the more refrangible, and the Rings made 
by thoſe ſhall be larger than the like number of Rings 
made by theſe ; that is, the red Rings ſhall be larger 
than the yellow, the yellow than the green, the green 
than the blue, and the blue than the violet, as they 
were really found to be in the 5th Obſervation. And 
therefore the firſt Ring of all Colours incompaſſing the 
white Spot of Light ſhall be red without and violet 
within, and yellow, and green, and blue in the middle, 
as it was found in the ſecond Obſervation; and theſe 
Colours in the ſecond Ring, and thoſe that follow ſhall 

be more expanded till they ſpread into one another, 

and blend one another by interfering. 


Theſe 
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' Theſe ſeem to be the reaſons of theſe Rings in ge- 
neral, and this put me upon obſerving the thickneſs of 
the Glaſs, and conſidering whether the dimenſions and 
proportions of the Rings may be truly derived from it 
by computation. 


O B S. VIII. 


J meaſured therefore the thickneſs of this concavo- 


4 


convex plate of Glaſs, and found it every- where : of an 
Inch preciſely. Now, by the 6th Dbſſervaticn of the 

firſt Part of this Book, a thin plate of Air tranſmits the 
brighteft Light of the firſt Ring, that is the bright yel- 
low, when its thickneſs is the „a part of an Inch, 
and by the 1oth Obſervation of the ſame part, a thin 
plate of Glaſs tranfmits the fame Light of the ſame Ring 
when its thickneſs 1s lefs in proportion of the fine of 
refraction to the fine of incidence, that is, when its 
thickneſs is the Heth or th part of an inch, ſup- 
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| poſing the fines are as 11 to 17. And if this thickneſs 


be doubled it tranſmits the ſame bright Light of the 
ſecond Ring, if tripled it tranſmits that of the third, 
and ſo on, the bright yellow Light in all thefe caſes be- 
ing in its fits of tranſmifſion. And therefore if its thick- 
neſs be multiplied 34.386 times fo as to become; of an 
Inch it tranſmits the tame bright Light of the 34 386th 
Ring. Suppoſe this be the bright my Light tranf- 
mitted perpendicularly from the reflecting convex fide 
of the Glaſs through the concave fide to the white Spot 
in the center of the Rings of Colours on the Chart: And 
by a rule in the ſeventh Obſervation in the firſt Part of 
the firſt Book, and by the 8 5th and 20th — 
0.2 0 
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of the third Part of this Book, if the rays be made ob- 
lique to the Glaſs, the [thickneſs of the Glaſs. requi- 


ſite to tranſmit the ſame bright Light of the ſame Ring 


in any obliquity is to this thickneſs of ; of an Inch, as 
the ſecant of an Angle whoſe ſine is the firſt of an hun- 


dred and ſix arithmetical means between the ſines of 


incidence and refraction, counted from the ſine of inci- 
dence when the refraction is made out of any plated Bo- 
dy into any medium incompaſſing it, that is, in this caſe, 
out of Glaſs into Air. Now if the thicknels of the Glaſs 
be increaſed by degrees, ſo as to bear to its firſt thickneſs, 
( viz. that of a quarter of an Inch) the proportions 
which 34386 (the number of fits of the perpendicular 
rays in going through the Glaſs towards the white Spot 
in the center of the Rings,) hath to 34385, 34384, 
34383 and 34382 (the numbers of thefits of the oblique 


_ rays in going through the Glaſs towards the firſt, e- 
cond, third and fourth Rings of Colours,) and if the 


firſt thickneſs be divided into 100000000 equal parts, 


the increaſed thickneſſes will be 100002908, 100005816, 
100008725 and 100011633, and the Angles of which theſe 


thickneſſes are ſecants will be 26 1337 5, 45 6” and 
52 26", the Radius being 100000000 ; and the fines of 
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theſe Angles are 762, 1079, 1321 and 1525, and the 


proportional fines of refraction 1172, 1659, 2031 and 


2345, the Radius being 100000. For fince the fines 
of incidence aut of Glaſs into Air are to the fines 
of refraction as 11 to 17, and to the above-mentioned 
ſecants as 11 to the firſt of 106 arithmetical means 
between 11 and 17, that is as 11 to 1155 thoſey ſe- 
cants will be to the fines of refraction as 11% to 17, 
and by this Analogy will give theſe fines. mk? 


t! 


if the obliquities of the rays to the concave ſurface of 
the Glaſs be ſuch that the ſines of their refraction in 
paſſing out of the Glaſs through that ſurface into the 
Air be 1172, 1659, 2031, 2345, the bright Light of 
the 343 80th Ring ſhall emerge at the thickneſſes of the 
Glaſs which are to 5 of an Inch as 34386 to 34385, 
34384, 34383, 34382, reſpectively. And therefore if 
the thickneſs in all theſe caſes bez of an Inch (as it is in 
the Glaſs of which the Speculum was made) the bright 
Light of the 3438 5th Ring ſhall emerge where the fine 
of refraction is 1172, and that of the 34384th, 384383th 
and 3438 ath Ring where the fine: is 1659, 2031, and 
234 reſpectively. And in theſe Angles of refraction 
the Light of theſe Rings ſhall. be propagated from the 
Speculum to the Chart, and there paint Rings about the. 
white central round Spot of Light which we ſaid was 
the Light of the 343 86th Ring. And the Semidiame- 
ters of theſe Rings ſhall ſubtend the Angles of refraction 
made at the concave ſurface of the Speculum, and by. 
conſequence their Diameters ſhall be to the diſtance of 
the Chart from the Speculum as.thofe fines of refraction 
doubled are to the Radius that is as 117, 1659, 2031, 

and 2345, doubled are to 100000. And therefore if 

the diſtance of the Chart from the concave ſurface of 
the Speculum be ſix Feet (as it was in the third of theſe 
Obſervations) the Diameters of the Rings of this bright 
yellow Light upon the Chart ſhall be 1'688, 2389, 
2'925, 3'375 Inches: For theſe Diameters are to 6 Feet 
as the above-mentioned fines doubled are to. the Radius. 
Now theſe Diameters of the bright yellow Rings, thus. 
found by computation are the very ſame with thoſe 
found in. the third of theſe Obſervations by meaſuring 
them, 
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them, (viz. with 1% 23, 23, and 35 Inches, and there- 
fore the Theory of deriving theſe Rings from the thick- 
neſs of the plate of Glaſs of which the Speculum was 
made, and from the obliquity of the emerging rays agrees 
with the Obſervation. In this computation 1 have 
equalled the Diameters of the bright Rings made by 
Light of all Colours, to the Diameters of the Rings 
made by the bright yellow. For this yellow makes the 
brighteſt part of the Rings of all Colours. If you defire 
the Diameters of the Rings made by the Light of any 
other unmixed Colour, you may find them readily by 
putting them to the Diameters of the bright yellow ones 
in a ſubduplicate proportion of the intervals of the fits 
of the rays of thoſe Colours when equally inclined to 
the refracting or reflecting ſurface which cauſed thoſe 
fits, that 1s, by putting the Diameters of the Rings made 
by the rays in the extremities and limits of the ſeven 

Colours, red, 3 yellow, green, blue, indico, violet, 
proportional the Cube: roots of the numbers, 1, , 373 
„ 7 % 2, which exprefs the lengths of a Monocharc 
ſounding the notes in an Eight: For by this means the 
Diameter of the Rings of thefe Colours will be found 
pretty nearly in the ſame proportion to one another, 
which they ought to have by the fifth of theſe Obſer- 
vations. NON ; | | 
And thus I ſatisfied my ſelf that theſe Rings were of 
the ſame kind and original with thoſe of thin plates, 
and by conſequence that the fits or alternate difpoſi- 
tions of the rays to be reflected and tranfmitted are pro- 
pagated to great diſtances from every refleQing and re- 
fracting ſurface. But yet to put the matter out of doubt 

added the following Obſervation. 
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If theſe Rings thus depend on the thickneſs of the plate 
of Glaſs their Diameters at equal diſtances from ſeveral 
Speculums made of ſuch concavo-convex plates of Glaſs 
as are ground on the ſame Sphere, ought to be recipro- 
cally in a fubduplicate proportion of the thickneſſes of 


the plates of Glaſs. And if this proportion be found 


true by experience it will amount to a demonſtration 


that theſe Rings (like thoſe formed in thin plates) do 


depend on the thickneſs of the Glaſs. I procured there- 
fore another concavo-convex plate of Glaſs ground on 
both fides to the fame Sphere with the former plate: 


Its thickneſs was 4, parts of an Inch; and the Diameters. 
of the three firſt bright Rings meaſured between the 


brighteſt parts of their orbits at the diftance of 6 Feet 


from the Glaſs were 3. 43. 5 Inches. Now the thick- 


neſs of the other Glaſs being 5 of an Inch was to thick- 
neſs of this Glaſs as; to4, » that is as 31 to 10, or 
310000000 to I00000000, and the roots of theſe numbers. 
are 1760) and 10000, & in the proportion of the firſt 
of theſe roots to the ſecond are the Diameters of the 


bright Rings made in this Obſervation by the thinner 


Glaſs, 3. 48. 55 to the Diameters of the ſame Rings made 


in the third of theſe Obſervations by the thicker Glaſs. 


1%, 23 22, that is, the Diameters of the Rings are reci- 


procally in a ſubduplicate proportion of thickneſſes of 


the plates of Glaſs. 
So then in plates of Glaſs which are alike concave on 
one fide, and alike convex on the other fide, and alike 


quick-filvered on the convex ſides, and differ in nothing 


bu t 


[104] 

but their thickneſs, the Diameters of the Rings are re- 
ciprocally in a ſubduplicate proportion of the thickneſſes 
of the plates. And this ſhews ſufficiently that the Rings 
depend on both the ſurfaces of the Glaſs. They de- 
pend on the convex ſurface becauſe they are more lu- 
minous when that ſurface is quick- ſilvered over than 
when it is without Quick-filver. They depend alſo 
upon the concave ſurface, becauſe without that ſurface 
a Speculum makes them not. They depend on both 
ſurfaces and on the diſtances between them, becauſe 
their bigneſs is varied by varying only that diftance. 
And this dependance is of the fame kind with that 
which the Colours of thin plates have on the diſtance 
of the ſurfaces of thoſe plates, becauſe the bigneſs 
of the Rings and their proportion to one another, 
and the variation of their bigneſs arifing from the varia- 
tion of the thickneſs of the Glaſs, and the orders of 
their Colours, is ſuch as ought to reſult from the Propo- 
fitions in the end of the third Part of this Book, derived 
from the the Phænomena of the Colours of thin plates 
ſet down in the firſt Part. 1111 2 G5 | 720000T--5-.00000081 7 

There are yet other Phænomena of theſe Rings of 
Colours but ſuch as follow from-the ſame Propofitions, 
and therefore confirm both the truth of thoſe Propoſi- 
tions, and the Analogy between theſe Rings and the 
Rings of Colours made by very thin plates. I ſhall 
ſubjoyn ſome of hem het DD 


OBS. 
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When the beam of the Sun's Light was reflected back 
from the Speculum not directly to the Hole in the Win- 
dow, but to a place a little diſtant from it, the common 
center of that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the incident 
Light, and the beam of the reflected Light, and by 
conſequence in the center of the ſpherical concavity of 
the Speculum, whenever the Chart on which the Rings 
of Colours fell was placed at that center. And as the 
beam of reflected Light by inclining the Speculum re- 
ceded more and more from the beam of incident Light 
and from the common center of the coloured Rings be- 
tween them, thoſe Rings grew bigger and bigger, and 
ſo alſo did the white round Spot, and new Rings of Co- 
lours emerged ſucceſſively out of their common center, 
and the white Spot became a white Ring encompaſſing 
them; and the incident and reflected beams of Light 
always fell upon the oppoſite parts of this Ring, illumi- 
nating its perimeter like two mock Suns in the oppoſite 
parts of an Iris. So then the Diameter of this Ring, 
meaſured from the middle of its Light on one ſide to 
the middle of its Light on the other ſide, was always 
equal to the diſtance between the middle of the incident 
beam of Light, and the middle of the reflected beam 
meaſured at the Chart on which the Rings appeared: 
And the rays which formed this Ring were reflected by 
the Speculum in Angles equal to their Angles of inci- 
dence, and by conſequence to their Angles of refraction 
at their entrance into the Glaſs, but yet their Angles of 

Pp reflexion 
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reflexion were not in the ſame planes with their Angles 
of incidence. 
OB v9 AJ: 
The Colours of the new Rings were in a contrary 
order to thoſe of the former, and aroſe after this man- 
ner. The white round Spot of Light in the middle of 
the Rings continued white to the center till the diſtance 
of the incident and reflected beams at the chart was 
about 7 parts of an Inch, and then it began. to grow 
dark in the middle. And when that diſtance was about 
12, of an Inch, the white Spot was become a Ring en- 
compaſſing a dark round Spot which in the middle in- 
clined to violet and indico. And the luminous Rings 
incompaſſing it were grown equal to thoſe dark ones 
wich in the four firſt Obſervations encompaſſed them, 
that is to ſay, the white Spot was grown a white Ring 
equal to the firſt of thoſe dark Rings, and the firſt of 
thoſe luminous Rings was now grown equal to the ſe- 
cond of thoſe dark ones, and the ſecond of thoſe lumi- 
nous ones to the third of thofe dark ones, and ſo on. 
For the Diameters of the luminous Rings were now 14, 
240 22» 35, Oc. Inches. 
When the diſtance between the incident and reflected 
beams of Light became a little bigger, there emerged 
out of the middle of the dark Spot after the indico a 
blue, and then out of that blue a pale green, and foon 
after a yellow and red. And when the Colour at the 
center was brighteft, being between yellow and red, 
the bright Rings were grown equal to thoſe Rings which 
in the four firſt Obſervations next encompaſſed them; 
we, that 
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that is to ſay, the white Spot in the middle. of thoſe 
Rings was now become a white Ring equal to the firſt 
of thoſe bright Rings, and the firſt of thoſe bright ones 
was now become equal to the ſecond of thoſe, and fo 
on. For the Diameters of the white Rings, and of the 


other luminous Rings incompaſſing it, were now 116, 


2s, 21, 3, He. or thereabouts. 

When the diſtance of the two beams of Light at the 
Chart was a little more increaſed, there emerged out 
of the middle 1n order after the red, a purple, a blue, 
a green, a yellow, and a red inclining much to purple, 
and when the Colour was brighteſt being between yel- 
low and red, the former indico, blue, green, yellow and 
red, were become an Iris or Ring of Colours equal 
to the firſt of thoſe luminous Rings which appeared in 
the four firſt Obſervations, and the white Ring which 
was now become the ſecond of the luminous Rings was 


grown equal to the ſecond of thoſe, and the firſt of 


thoſe which was now become the third Ring was be- 
come the third of thoſe, and fo on. For their Diame- 
ters were 116, 28, 2:2, 38 Inches, the diſtance of the 
two beams of Light, and the Diameter of the white 
Ring being 22: Inches. 

When theſe two beams became more diſtant there 
emerged out of the middle of the purpliſh red, firſt a 
darker round Spot, and then out of the middle of that 
Spot a brighter. And now the former Colours (purple, 
blue, green, yellow, and purpliſh red) were become a 
Ring equal to the firſt of the bright Rings mentioned in 
the four firſt Obſervations, and the Ring about this 
Ring were grown equal to the Rings about that re- 
ſpectively ; the diftance between the two beams of 

P-p-2 Light 


11 
. W 
| 
5 
1 
1 
1 
| 
; 
{ 
i 
|. 
; + 
' 
z fl 
= 
1 
* 
q 
, 


Ls) . 

Light ahd the Diameter of the white Ring (which 
was now become the third Ring) being about 3 In- 
ches. | 

The Colours of the Rings in the middle began now 
to grow very dilute, and if the diſtance between the 
two beams was increaſed half an Inch, or an Inch more, 
they vaniſhed whilſt the white Ring, with one or two 
of the Rings next it on either fide, continued ſtill vi- 
fible. But if the diſtance of the two beams of Light 
was ſtill more increaſed theſe alſo vaniſhed : For the 
Light which coming from ſeveral parts of the Hole in 
the Window fell upon the Speculum in ſeveral Angles of 
incidence made Rings of ſeveral bigneſſes, which diluted 
and blotted out one another, as I knew by intercepting 
ſome part of that Light. For if I intercepted that part 
which was neareſt to the Axis of the Speculum the 
Rings would be leſs, if the other part which was re- 
moteſt from it they would be bigger. 


O-B-S. XII. 


When the Colours of the Priſm were caſt ſucceſſively 
on the Speculum, that Ring which in the two laſt Ob- 
ſervations was white, was of the ſame bigneſs in all the 
Colours, but the Rings without it were greater in the 
green than in the blue, and ſtill greater in the yellow, 
and greateſt in the red. And, on the contrary, the 
Rings within that white Circle were leſs in the green 
than in the blue, and till leſs in the yellow, and leaſt 

in the red. For the Angles of reflexion of thoſe rays 
which made this Ring being equal to their Angles of 
incidence, the fits of every reflected ray within the Glaſs 
N 2 after 
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after reflexion are equal in length and number to the 
fits of the ſame ray within the Glaſs before its incidence 


on the reflecting ſurface; and therefore ſince all the rays 


of all ſorts at their entrance into the Glaſs were in a fit 


of tranſmiſſion, they were alſo in a fit of tranſmiſſion at 
their returning to the ſame ſurface after reflexion ; and 
by confequence were tranſmitted and went out to the 
white Ring on the Chart. This is the reaſon why that 
Ring was of the ſame bigneſs in all the Colours, and 


why in a mixture of all it appears white. But in rays 


which are reflected in other Angles, the intervals of the 


fits of the leaſt refrangible being greateſt, make the 
Rings of their Colour in their progreſs from this white 


Ring, either outwards or inwards, increaſe or decreaſe 
by the greateſt ſteps; ſo that the Rings of this Colour 
without are greateſt, and within leaſt. And this is the 
reaſon why in the laſt Obſervation, when the Specu- 
lum was illuminated with white Light, the exterior 
Rings made by all Colours appeared red without and 
blue within, and the interior blue without and red 
within. 


Theſe are the Phænomena of thick convexo-concave 


plates of Glaſs, which are every where of the ſame 
thickneſs. There are yet other Phænomena when theſe 
plates are a little thicker on one fide than on the 
other, and others when the plates are more or leſs con- 
cave than convex, or plano-convex, or double-convex. 
For 1nall theſe caſes the plates make Rings of Colours, 
but after various manners; all which, ſo far as I have 
yet obſerved, follow from the Propoſitions in the end 
of the third part of this Book, and ſo conſpire to con- 
firm the truth of thoſe Propoſitions. But the Phæna- 
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mena are too various, and the Caleulations whereby 
they follow from thoſe Propoſitions too intricate to be 
here proſecuted. I content my ſelf with having proſe- 
cuted this kind of Phænomena ſo far as to diſcover their 
cauſe, and by diſcovering it to ratify the Propoſitions 
in the third Part of this Book. 1 


OBS. XIII. 


As Light reflected by a Lens quick-filvered on the 
back-fide makes the Rings of Colours above de- 
ſcribed, ſo it ought to make the like Rings of Colours 
in paſſing through a drop of Water. At the firſt re- 
flexion of the rays within the drop, ſome Colours ought 
to be tranſmitted, as in the caſe of a Lens, and others 
to be reflected back to the Eye. For inſtance, if the 
Diameter of a ſmall drop or globule of Water be about 
the 5ooth part of an Inch, ſo that a red-making ray in 
paſſing through the middle of this globule has 250 fits 
of eaſy tranſmiſſion within the globule, and that all the 
red-making rays which are at a certain diſtance from 
this middle ray round about it have 249 fits within the 


globule, and all the like rays at a certain further di- 


ſtance round about it have 248 fits, and all thoſe at a 
certain further diſtance 24.7 fits, and ſo on; theſe con- 
centrick Circles of rays after their tranſmiſſion, falling 
on a white Paper, will make concentrick rings of red 
upon the Paper, ſuppoſing the Light which paſſes 
through one ſingle globule ſtrong enough to be ſenfible. 
And, in like manner, the rays of other Colours will 
make Rings of other Colours. Suppoſe now that in a 
fair day the Sun ſhines through a thin Cloud of ſuch 
e globules 
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globules of Water or Hail, and that the globules are all 
of the ſame bigneſs, and the Sun ſeen through this Cloud 
ſhall appear incompaſſed with the like concentrick Rings 
of Colours, and the Diameter of the firſt Ring of red 
ſhall be 75: degrees, that of the ſecond 10, degrees, that 
of the third 12 degrees 33 minutes. And accordingly 
as the globules of Water are bigger or leſs, the Rings 
ſhall be leſs or bigger. This is the Theory, and expe- 
rience anſwers it. For in June 1692. I ſaw by reflexion 
in a Veſſel of ſtagnating Water three Halos Crowns or 
Rings of Colours about the Sun, like three little Rain- 
bows, concentrick to his Body. The Colours of the 
firſt or innermoſt Crown were blue next the Sun, red 
without, and white in the middle between the blue 
and red. Thoſe of the ſecond Crown were purple and 
blue within, and pale red without, and green in the 
middle. And thoſe of the third were pale blue with- 
in, and pale red without; thete Crowns incloſed one 
another immediately, ſo that their Colours proceeded 
in this continual order from the Sun outward : blue, 
white, red; purple, blue, green, pale yellow and red; 
pale blue, pale red. The Diameter of the ſecond Crown 
meaſured from the middle of the yellow and red on one 
fide of the Sun, to the middle of the fame Colour on 
the other fide was 9: degrees, or thereabouts. The Dia- 
meters of the firſt and third J had not time to meaſure, 
but that of the firſt ſeemed to be about five or fix de- 
grees, and that of the third about twelve. The like 
Crowns appear ſometimes about the Moon; for in the 
beginning of the year 1664, Febr. 19th at night, I ſaw 
two ſuch Crowns about her. The Diameter of the firſt 
or innermoſt was about three degrees, and that of he 

econd. 
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ſecond about five degrees and an half. Next about the 
Moon was a Circle of white, and next about that the 
inner Crown which was of a bluiſh green within next the 
white, and ofa yellow and red without, and next about 
theſe Colours were blue and green on the inſide of the 
outward Crown, and red on the outſide of it. At the 
ſame time there appeared a Halo about 22 degrees 35 
diſtant from the center of the Moon. It was Elliptical, 
and its long Diameter was perpendicular to the Horizon 
verging below fartheſt from the Moon. I am told that 
the Moon has ſometimes three or more concentrick 
Crowns of Colours incompaſſing one another next about 
her Body. The more equal the globules of Water or 
Ice are to one another, the more Crowns of Colours 
will appear, and the Colours will be the more lively. 
The Halo at the diſtance of 22 degrees from the Moon 
is of another ſort. By its being oval and remoter from 
the Moon below than above, 1 conclude, that it was 
made by refraction in ſome ſort of Hail or Snow floating 
in the Air in an horizontal Poſture, the refracting Angle 
being about 58 or 60 degrees. e 
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Obſervations concerning the Inflexcions of the rays of Light 
and the Colours made thereby. Lee 


\ Rimaldo has informed us, that if a beam of the 
Sun's Light be let into a dark Room through a 
very ſmall Hole, the ſhadows of things in this Light 
will be larger than they ought to be if the rays went 
on by the Bodies in ſtreight Lines, and that theſe ſha- 
dows have three parallel fringes, bands or ranks of co- 
loured Light adjacent to them. But if the Hole be 
enlarged the fringes grow broad and run into one ano- 
ther, ſo that they cannot be diſtinguiſhed. Theſe broad 
ſhadows and fringes have been reckoned by ſome to pro- 
ceed from the ordinary refraction of the Air, but with- 
out due examination of the matter. For the circum- 
ſtances of the Phznomenon, ſo far as I have obſerved 
them, are as follows. 
© 2 OBS. 
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J made in a piece of Lead a ſmall Hole with a Pin, 
whoſe breadth was the 42th part of an Inch. For 21 
of thoſe Pins laid together took up the breadth of half 
an Inch. Through this Hole 1 let into my darkened 
Chamber a beam of the Sun's Light, and found that the 
ſhadows of Hairs, I hred,Pins,Straws, and ſuch like ſlen- 
det ſubſtances placed in this beam of Light, were conſider- 
bly broader than they ought to be, if the rays of Light 
paſſed on by theſe Bodies in right Lines. And particu- 
larly a Hair. of a Man's Head, whote breadth was but 
the 280th part of an Inch, being held in this Light, at 
the diſtance of about twelve Feet from the Hole, did 
caſt a ſhadow which at the diſtance of four Inches from 
the Hair was the fixtieth part of an Inch broad, that is, 
above four times broader than the Hair, and at the di- 
ſtance of two Feet from the Hair was about the eight 
and twentieth part of an Inch broad, that is, ten times 
broader than the Hair, and at the diſtance of ten Feet 

was the eighth part of an Inch broad, that is 35 times 
Nor is it material whether the Hair be incompaſſed 
with Air, or with any other pellucid ſubſtance. For | 
wetted a poliſhed plate of Glaſs, and laid the Hair in 
the Water upon the Glaſs, and then laying another po- 
liſhed plate of Glaſs upon it, fo that the Water might 

fill up the ſpace between the Glaſſes, J held them in 
the aforeſaid beam of Light, ſo that the Light might 
paſs through them perpendicularly, and the ſhadow 
of the Hair was at the fame diitances as big as before. 


The 


The ſhadows: of ſcratches made in poliſhed plates of 
Glaſs were alſo much broader than they ought to be, 
and the Veins in poliſhed plates of Glaſs did alſo caſt the 
like broad ſhadows. And therefore the great breadth 
of theſe ſhadows proceeds from ſome other cauſe than 
the refraction of the Air. 3 . 
Let the Circle X repreſent the middle of the Hair; Fig. 1. 
ADE, BEH, CFI, three rays paſſing by one fide of 
the Hair at ſeveral diſtances; K NQ, LOR, MPS, 
three other rays paſſing by the other ſide of the Hair at 
the like diſtances; D, E, F and N, O, P, the places 
where the rays are bent in their paſſage by the Hat, ; 
G, H, I and Q, R, 8, the places where the rays fall. on 
a Paper GQ; IS the breadth of the ſhadow of the Hair 
_ caſt on the Paper, and TI, V S, two rays 7770 5 the 
points I and S without bending when the Hair is taken 
away. And it's manifeſt that all the Light between 
theſe two rays Al and Vs is bent in paſſing by the 
Hair, and turned aſide from the ſhadow 1S, becauſe if 
any part of this Light were not bent it would fall on 
the Paper within the ſhadow, and there illuminate the 
Paper contrary to experience. And becauſe when the 
Paper 1s at a great diſtance from the Hair, the ſhadow 
is broad, and therefore the rays I I and VS are at a 
great diſtance from one another, it follows that the 
Hair acts upon the rays of Light at a good diſtance in 
their paſſing by it. But the action is ſtrongeſt on the 
rays which pals by at leaſt diſtances, and grows weaker 
and weaker accordingly as the rays paſs by at diftances 
greater and greater, as is repreſented in the Scheme: 
For thence it comes to pals, that the ſhadow of the 
Hair is much broader in proportion to the diftance of 
Qq 2 the 
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the Paper from the Hair, when the Paper is nearer the 
Hair than when it is at a great diſtance from it. 
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OBS. II. 


The ſhadows of all Bodies (Metals, Stones, Glaſs, 
Wood, Horn, Ice, He.) in this Light were bordered 
with three parallel fringes or bands of coloured Light, 
whereof that which was contiguous to the ſhadow was 
broadeſt and moſt luminous, and that which was re- 
moteſt from it was narroweſt, and ſo faint, as not eafily 
to be vifible. It was difficult to diſtinguiſh the Colours 
unleſs when the Light fell very obliquely upon a {ſmooth 
Paper, or ſome other ſmooth vvhite Body, ſo as to make 
them appear much broader than they vvould otherwiſe 
do. And then the Colours were plainly vifible in this 
order: The firſt or innermoſt fringe was violet and deep 
blue next the ſhadovv, and then light blue, green and 
yellovv in the middle, and red vvithout. The ſecond 
fringe vvas almoſt contiguous to the firſt, and the third 
to the ſecond, and both vvere blue vvithin and yellovv 
and red vvithout, but their Colours vvere very faint 
eſpecially thoſe of the third. The Colours therefore 
proceeded in this order from the ſhadovv, violet, indico, 
pale blue, green, yellovv, red ; blue, yellovv, red ; pale 
blue, pale yellovy and red. The ſhadows made by 
{cratches and bubbles in poliſhed plates of Glaſs vvere 
bordered vvith the like tringes of coloured Light. And 
if plates of Looking-glaſs ſloop'd off near the edges vvith 
a Diamond cut, be held in the ſame beam of Light, the 
Light which paſſes through the parallel planes of the 
Glaſs will be be bordered with the like fringes of Co- 

lours 


L009} 
lours where thoſe Planes meet with the Diamond cut, 
and by this means there will ſometimes appear four or 
five fringes of Colours. Let AB, CD repreſent the Fig. 2. 
parallel planes of a Looking-glaſs, and BD the plane 
of the Diamond-cut, making at B a very obtuſe Angle 
with the plane AB. And let all the Light between the 
rays ENI and F BM pals directly through the parallel 
planes of the Glaſs, and fall upon the Paper between I 
and M, and all the Light between the rays GO and 
HD be refracted by the oblique plane of the Diamond 
cut B D, and fall upon the Paper between K and L; and 
the Light which paſſes directly through the parallel 
planes of the Glaſs, and falls upon the Paper between 
| and M, will be bordered with three or more fringes 


at M. 
III. 


When the Hair was twelve Feet diſtant from the 
Hole, and its ſhadow fell obliquely upon a flat vvhite 
ſcale of Inches and parts of an Inch placed half a Foot 
beyond it, and alſo when the ſhadow fell perpendicu- 
larly upon the ſame ſcale placed nine Feet beyond it; 
{ meaſured the breadth of the ſhadow and fringes as 
accurately as I could, and found them in parts of an 
Inch as follows. 
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the firſt and ſecond fringes. 


—— — 


The breadth of the luminous part of the 


ſecond fringe 


The breadth of the darker 75 5 between 
the ſecond and third fringes. 


Theſe meaſures I took by letting the ſhadow of the 
Hair at half a Foot diſtance fall fo obliquely on the 
ſcale as to appear twelve times broader than vvhen it 
fell e RY, it at the ſame diſtance, and ſet- 


ting down in this 


ing e able the twelfth part of the mea- 
ſures I then took. | 778 


8. IV. 

When the ſhadovv and fringes vvere caſt obliquely 
upon a ſmooth vvhite Body, and that Body was remo- 
ved further and further from the Hair, the firſt fringe 
began to appear and look brighter than the reſt of the 
Light at the diſtance of leſs than a quarter of an Inch 
from the Hair, and the dark line or ſhadovv between 
that and the ſecond fringe began to appear at a leſs di- 
ſtance from the Hair than that of the third part of an 
Inch. The fecond fringe began to appear at a diſtance 
from the Hair of leſs than half an Inch, and the ſhadow 
between that and the third fringe at a diſtance leſs than 
an Inch, and the third fringe at a diſtance leſs than three 
Inches. At greater diſtances they became much more 
ſenfible, but kept very nearly the ſame proportion of 
their breadths and intervals which they had at their firſt 
appearing. For the diſtance between the middle of the 
firſt and middle of the ſecond fringe, was to the diſtance 
between the middle of the ſecond and middle of the 
third fringe, as three to two, or ten to ſeven. And 
the laſt of theſe two diftances vvas equal to the breadth 
of the bright Light or luminous part of the firſt fringe. 
And this breadth vvas to the breadth of thechlight Light 
of the ſecond fringe as ſeven to four, and to tht wrt 

interval 
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interval of the firſt and ſecond fringe as three to two, 
and to the like dark interval between the ſecond an 
third as two to one. For the breadths of the fringes 

ſeemed to be in the progreſſion of the numbers 1, Y, 
,; and their intervals to be in the ſame progreſſion 
vvith them; that is, the fringes and their intervals to- 
gether to be in the continual progreſſion of the numbers 
1, /:> , Vi, V or thereabouts. And theſe pro- 
portions held the ſame very nearly at all diſtances from 
the Hair; the dark Intervals of the fringes being as 
broad in proportion to the fringes at their firſt appea- 

rance as afterwards at great diſtances from the Hair, 
though not ſo dark and diſtinct. 


OBS. V. 


The Sun ſhining into my darkened Chamber through 
a Hole a quarter of an Inch broad ; I placed at the di- 
ſtance of two or three Feet from the Hole a Sheet of 
Paſt-board, vvhich vvas black'd all over on both ſides, 
and in the middle of it had a Hole about three quarters 
of an Inch ſquare for the Light to paſs through. And 
behind the Hole I faſtened to the Paſt-board vvith Pitch 
the blade of a ſharp Knife, to intercept ſome part of 
the Light vvhich paſſed through the Hole. The planes 
of the Paſt-board and blade of the Knife vvere parallel 
to one another,. and perpendicular to the rays. And 
vvhen they vvere ſo placed that none of the Sun's Light 
fell on the Paſt-board, but all of it paſſed through the 
Hole to the Knife, and there part of it fell upon the 
blade of the Knife, and part of it paſſed by its edge: 
1 let ths part of the Light vvhich paſſed by, fall on a 


Vvvhite 
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white Paper two or three Feet beyond the Knife, and 
there ſaw two ſtreams of faint Light ſhoot out both 
ways from the beam of Light into the ſhadow like the 
tails of Comets. But becauſe the Sun's dire& Light by 
its brightneſs upon the Paper obſcured theſe faint 
ſtreams, ſo that I could ſcarce ſee them, I made a little 
Hole in the midſt of the Paper for that Light to paſs 
through and fall on a black cloth behind it; and then 
[ ſaw the two ſtreams plainly. They were like one 
another, and pretty nearly equal in length and breadth, 
and quantity of Light. Their Light at that end next 
the Sun's direct Light was pretty ſtrong for the ſpace of 
about a quarter of an Inch, or half an Inch, and in all 
its progreſs from that dire& Light decreaſed gradually 
till it became inſenſible. The whole length of either of 
theſe ſtreams meaſured upon the Paper at the diſtance 
of three Feet from the Knife was about fix or eight 
Inches; ſo that it ſubtended an Angle at the edge of 
the Knife of about 10 or 12, or at moſt 14 degrees. 
Yet ſometimes I thought I ſaw it ſhoot three or. four 
degrees further, but with a Light ſo very faint that I 
could ſcarce perceive it, and ſuſpected it might. (in 
| ſome meaſure at leaſt) arife from ſome other cauſe than 
the two ſtreams:d1d. For placing my Eye. in that Light 
beyond the end of that ſtream which was behind. the 
Knife, and looking towards the Knife, I could fee, a 
line of Light upon its edge, and that not only when 
my Eye was in the line of the ſtreams, but alſo when 
it was without that line either towards the point of the 
Knife, or towards the handle. This line of Light ap- 
peared tiguo 0 


cared contiguous, to the edge of the Knife, and was 
narrower than the Light of the .innermoſt fringe, and 
antonio —_— narrowe 
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mrroweſt when my Eye was furtheſt from the direct 
Light, and therefore ſeemed to paſs between the Light 
of that fringe and the edge of the Knife, and that 
which paſſed neareſt the edge to be moſt bent, though 
not all of it. et Of ME 


OBS. VI. 


1 placed another Knife by this fo that their edges 
might be parallel and look towards one another, and 
that the beam of Light might fall upon both the Knives, 
and ſome part of it paſs between their edges. And 
when the diſtance of their edges was about the 400th 
part of an Inch the ftream parted in the middle, and 
eft a ſhadow between the two parts. This ſhadow 


was ſo black and dark that all the Light which paſſed 


between the Knives ſeemed to be bent, and turned afide 
to the one hand or to the other. And as the Knives ſtill 
approached one another the ſhadow grew broader, and 
he ſtreams ſhorter at their inward ends which were 
next the ſhadow, until upon the contact of the Knives 
the whole Light vaniſhed leaving its place to the 
And hence 1 gather that the Light which is leaſt 


bent, and goes to the inward ends of the ſtreams, paſ- 


fes by the edges of the Knives at the greateſt diftance, 


and this diſtance when the ſhadow 2 75 to appear be- 


tween the ſtreams is about the eight-hundredth part of 
an Inch. And the Light Which paſſes by the edges of 
the Knives at diſtances ſtill leſs and ets is more and 
more bent, and goes to thoſe parts of the ſtreams which 
are further and further from the dire& Light, becauſe 

EO eng Hy when 
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when the Knives approach one another till they touch, 
thoſe parts of the ſtreams vaniſh laſt which are furtheſt 
from the direct Light. 


O B S. VII. 


In the fifth Obſervation the fringes did not appear, 

but by reaſon of the breadth of the Hole in the Win- 
do became fo broad as to run into one another, and 
by joyning make one continued Light in the beginning 


of the ſtreams. But in the ſixth, as the Knives ap- 


proached one another, a little before the ſhadow ap- 
peared between the two ſtreams, the fringes began to 
appear on the inner ends of the fireams on either fide 
of the direct Light, three on one fide made by the edge 


of one Knife, and three on the other fide made by the 


edge of the other Knife. They were diſtincteſt when 


the Knives were placed at the greateſt diſtance from the 


Hole in the Window, and ftill became more diftin& by 
making the Hole leſs, inſomuch that I could ſometimes 
ſee a faint lineament of a fourth fringe beyond the three 
above-mentioned. And as the Knives continnally ap- 
proached one another, the fringes grew diſtincter and 
larger until they vaniſhed. {The outmoſt fringe va- 
niſhed firſt, and the middlemoſt next, and the inner- 
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moſt laſt. And after they were all vaniſhed, and the 


line of Light which was in the middle between Hp 


— 


enlarging it ſelf on both des 
into the ſtreams of Light deſcribed in the fifth Obſer- 
vation, the above mentioned ſhadow began to appear 
in the middle of this line, and divide it along the middle 
into two lines of Light, and increaſed until the w hole 
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was grown very broad, 
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Light vaniſhed. This inlargement of the fringes was 
ſo great that the rays which go to the innermoſt fringe 
ſeemed to be bent above twenty times more when this 
fringe was ready to vaniſh, than when one of the Knives 
was takenaway. tI7 240 

And from this and the former Obſervation compared, 
gather, that the Light of the firſt fringe paſſed by the 
edge of the Knife at a diſtance greater than the eight- 
hundredth part of an Inch, and the Light of the ſecond 
fringe paſſed by the edge of the Knife at a greater di- 
ſtance than the Light of the firſt fringe did, and that 
of the third at a greater diſtance than that of the fe- 
cond, and that of the ſtreams of Light deſcribed in 
the fifth and fixth Obſervations paſſed by the edges 

of the Knives at leſs diſtances than that of any of the 

fringes.” e T2 


W 8 VIII,. 


I cauſed the edges of two Knives to be ground truly 
ſtreight, and pricking their points into a board ſo that 
their edges might look towards one another, and meet- 
ing near their points contain a rectilinear Angle, I faſt- 
ned their handles togetlier with Pitch to make this 
Angle invariable. The diſtance of the edges of the 
Knives from one another at the diſtance of four Inches 
from the angular point, where the edges of the Knives 
met, was the eighth part of an Inch, and therefore the 
Angle contained by the edges was about 1 degr. 54. 
The Knives thus fixed together I placed in a beam of 
the Sun's Light, let into my darkened Chamber through 
a Hole the 42th part of an Inch wide, at the diſtance 
9 of 
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of ten or fifteen Feet from the Hole, and let the Light 
which paſſed between thetr edges fall very obliquely 
upon a ſmooth white Ruler at the diſtance of half an 
Inch, or an Inch from the Knives, and there ſaw the 
fringes made by the two edges of the Knives run along 
the edges of the ſhadows of the Knives in lines parallel 
to thole edges without growing ſenfibly broader, till 
they met in Angles equal to the Angle contained by the 
edges of the Knives, and where they met and joyned 
they ended without croſſing one another. But if the 
Ruler was held at a much greater diſtance from the 
Paper, the fringes became ſomething broader and broader 
as they approached one another, and after they met 
they crofled one another, and then became much broader 
than before. 5 5 75 e 
Whence I gather that the diſtances at which the 
fringes paſs by the Knives are not increaſed nor altered 
by the approach of the Knives, but the Angles in which 
the rays are there bent are much increaſed by that ap- 
proach; and that the Knife which is neareſt any ray 
determines which way the ray ſhall be bent, and the 
other Knife increaſes the bent. | 5 7 


When the rays fell very obliquely upon the Ruler at 
the diſtance of the third part of an Inch from the Knives, 
the dark line between the firſt and ſecond fringe of the 
ſhadow. of one Knife, and the dark line between the 
firſt and ſecond fringe of the ſhadow of the other Knife 
met with one another, at the diſtance of the fifth part 
of an. Inch. from the end of the Light which paſſed be- 


tween: 


[ 126 ] 
tween the Knives at the concourſe of their edges. And 
therefore the diſtance of the edges of the Knives at the 
meeting of theſe dark lines was the 16oth part of an 
Inch. For as four Inches to the eighth part of an Inch, 
ſo is any length of the edges of the Knives meaſured 
from the point of their concourſe to the diſtance of the 
edges of the Knives at the end of that length, and ſo is 
the fifth part of an Inch to the 160th part. So then the 
dark lines above- mentioned meet in the middle of the 
Light which paſſes between the Knives where they are 
diftant the 16oth part of an Inch, and the one half of 
that Liglit paſſes by the edge of one Knife at a drftance 
not greater than the 32oth part of an Inch, and falling 
upon the Paper makes the fringes uf thethadow of that 
. Knife, and the other half paſſes by the edge of the 
other Knife, at a diſtance not greater than the 32oth 
part of an Inch, and falling upon the Paper makes the 
frinpes of the ſhadow of the other Knife. But if the 
Paper be held ut a diſtance from the Knives greater than 
the third part of un Inch, the dark lines above - men- 
rioned meet at a greater diſtance than the fifth part of 
an Inch from the end of the Light which paſſed be- 
tween the Knives at the concourſe of their edges; and 
therefore the Light which falis upon the Paper where 
thoſe dark lines meet paſſes between the Knives 
where their edges are diffant above the 16oth part of 
For at another time when the two Knives were di- 
ſtant eight Feet and five Inches from the little Hole in 
the Window, made with a ſmall Pin as above, the Light 
which fell upon the Paper where the aforefaid dark 
lines met. paſſed between the Knives, where the di- 
8 See ſtance 
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Hance between their edges was as im the following 

Table, when the diſtance of the Paper from the Knives 
was alfo as follows. f 


Diſtances of the Paper | Diſtances betwien the edges 
Fam the Kyives ink of the Knives in mil 
I ſimal parts of an Inch. 


| Inches. 


. 
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at a greater diſtance from the Knives. 
OS. X. 


When the fringes of the ſhadows of the Knives fell 
perpendicularly upon a Paper at a great diſtance from 
the Knives, they were in the form of Hyperbolas, and 
their dimenfions were as follows. Let CA, CB repre- 
ſent lines drawn upon the Paper parallel to the edges of 
the Knives, and between which all the Light would 
fall, if it paſſed between the edges of the Knives with- 
out inflexion; DE a right line drawn through C — 

| | tne 
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the Atgles: ACD, BCE, equal to one another, and 
terminating all the Light whith falls upon the Paper from 
the point where the edges of the Knives meet; ets, fłt, 
and glv, three hyperbolical lines repreſenting the ter- 
minus of the ſhadow of one of the Knives, the dark line 
between the firſt and ſecond fri 1nges of that ſhadow, and 
the dark line between the ſecond and third fringes of 
the ſame ſhadow ; xip, YK q and z Ir, three other Hy- 
perbolical lines repr reſenting the terminus of the ſhadow 
of the other Knife, the dark line between the firſt and 
ſecond fringes of that ſhadow, and-the dark line be- 
tween the ſecond and third fringes of the ſame ſhadow. 
And conceive that theſe three Hyperbolas are like and 
equal to the former three, and croſs them in the points 
i, K and 1, and that the ſhadows of the Knives are termi- 
nated and diſtinguiſhed from the firſt luminous fringes 
by the lines eis and xi p, until the meeting and croſ- 
ſing of the fringes, and then thoſe lines croſs the fringes 
in the form of dark lines, terminating the firſt luminous 
fringes within ſide, and diſtinguiſhing them from ano- 
ther Light which begins to appear at i, and illuminates 
all the triangular ſpace i 1ipDEs comprehended by theſe 
dark lines, and the right line DE. Of theſe Hy- 
perbolas one Aſymptote is the line DE, and their other 
1 are epar allel to the lines Ca and GB. Let 


8 * 


5 hyperbalical l eps in p, g,r; 870 t, V; 1 by ming 
the diſtances ps, ꝗt, rv, and thence collecting the 
the lengths of the ordinates n p, ng, nr or ms, mt, 


mv, and doing this at ſeveral diſtances of the line rv, 
from 


„ 
from the Aſymptote DE you may find as many points 
of theſe Hyperbolas as you pleaſe, and thereby know 
that theſe curve lines are Hyperbolas differing little from 
the conical Hyperbola. And by meaſuring the lines 
Ci, Ck, CI, you may find other points of theſe . 
Curves. 1550 770 
For inſtance, when the Knives were diſtant from the 
Hole in the Window ten Feet, and the Paper from the 
Knives 9 Feet, and the Angle contained by the edges of 
the Knives to which the Angle ACB is equal, was ſub- 
tended by a chord which was to the Radius as 1 to 32, 
and the diſtance of the line rv from the Aſymptote DE 
was half an Inch: I meaſured the lines ps, q t, rv, 
and found them o' 35, o'65, 0'98 Inches reſpectively, 
and by adding to their halfs the line: mn (which here 
was the 128th part of an Inch, or 0'0078 es, the 
ſums np, nq, nr, were 0'1828, 0'3328, 04978 In- 
ches. I meaſured alſo the diſtances of the brighteſt 
parts of the fringes which run between pq and st, qr 
and tv, and next beyond r and v, and found them 0's, 
o's, and 1'17 Inches. 5 


5 X14, 


The Sun ſhining into my darkened Room through a 
ſmall round Hole made in a plate of Lead with a ſlender 
Pin as above; 1 placed at the Hole a Priſm to refract 
the Light, and form on the oppoſite Wall the Spectrum 
of Colours, deſcribed in the third Experiment of the 
firſt Book. And then 1 found that the ſhadows of all 
Bodies held in the coloured Light between the Priſm 
and the Wall, were bordered with fringes of the ur 

| Is 0 


ä 
of that Light in which they were held. In the full red 
Light they were totally red without any ſenfible blue 
or Violet, and in the deep blue Light they were totally 
blue without any fenſible red or yellow ; and fo in the 
green Light they were totally green, excepting a little 
yellow and blue, which were mixed in the green Light 
of the Priſm. And comparing the fringes made in the 
feveral coloured Lights, I found that thoſe made in the 
red Light were largeſt, thoſe made in the violet were 
teaſt, and thoſe made in the green were of a middle 
bignefs. For the fringes with which the ſhadowy of a 
Man's Hair were bordered, being meaſured croſs the 
fhadow at the diſtance of fix Inches from the Hair; the 
diftance between the middle and moſt luminous part of 
the firſt or innermoſt fringe on one fide of the ſhadow, 
and that of the like fringe on the other ſide of the ſha- 
dow, was in the full red Light g; of an Inch, and in 
the full violet z. And the like diſtance between the 
middle and moſt luminous parts of the ſecond fringes on 
either fide the ſhadow was in the full red Light ,, and 
in the violet 3 of an Inch. And theſe diſtances of the 
fringes held the ſame proportion at all diſtances from 
the Hair without any ſenſible variation. 

So then the rays which made theſe fringes in the red 
Light paſſed by the Hair at a greater diſtance than thoſe 
did which made the like fringes in the violet; and there- 
fore the Hair in cauſing theſe fringes acted alike upon 
the red Light or leaſt refrangible rays at a greater di- 
ſtance, and upon the violet or moſt refrangible rays at 
a leſs diſtance, and by thoſe actions diſpoſed the red 

Light into larger fringes, and the violet into ſmaller, 
a the Eights of intermediate Colours into fringes of 
1 inter- 


D131 
intermediate bigneſſes without changing the Colour of 
of any ſort of Light. | 
When therefore the Hair in the. firſt and ſecond of 
theſe Obſervations was held in the white beam of the 
Sun's Light, and caſt a ſhadow which was bordered with 
three fringes of coloured Light, thoſe Colours aroſe not 


from any new modifications impreſt upon the rays of 


Light by the Hair, but only from the various inflecions 
whereby the ſeveral forts of rays were ſeparated from 
one another, which before ſeparation by the mixture 
of all their Colours, compoſed the white beam of the 
Sun's Light, but whenever ſeparated compoſe Lights 
of the ſeveral Colours which they are originally diſpo- 
ſed to exhibit. In this 13th Obſervation, where the 
Colours are ſeparated before the Light paſſes by the 
Hair, the leaſt refrangible rays, which when ſepara- 


ted from the reſt make red, were inflected at a greater 


diſtance from the Hair, ſo as to make three red fringes 
at a greater diſtance from the middle of the ſhadow of 
the Hair; and the moſt refrangible rays which when 
ſeparated make violet, were inflected at a leſs diſtance 
from the Hair, ſo as to make three violet fringes at a 
leſs diſtance from the middle of the ſhadow of the Hair. 
And other rays of intermediate degrees of refrangibi- 
lity were inflected at intermediate diſtances from the 
Hair, ſo as to make fringes of intermediate Colours at 
intermediate diſtances from the middle of the ſhadow 
of the Hair. And in the ſecond Obſervation, where 
all the Colours are mixed in the white Light which 


paſſes by the Hair, theſe Colours are ſeparated by the 
various inflexions of the rays, and the fringes which 


they make appear all together, and the innermoſt 
, 37- fringes 
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fringes being contiguous make one broad fringe compo- 
ſed of all the Colours in due order, the violet lying 
on the inſide of the fringe next the ſhadow, the red on 
the outſide furtheſt from the ſhadow, and the blue, 
green and yellow, in the middle. And, in like man- 
ner, the middlemoſt fringes of all the Colours lying in 
order, and being contiguous, make another broad fringe 
compoſed of all the Colours; and the outmoſt fringes 
of all the Colours lying in order, and being contiguous, 
make a third broad fringe compoſed of all the Colours. 
Theſe are the three fringes of coloured Light witlr 
which the ſhadows of all Bodies are bordered in the ſe- 
cond Obſervation. 5 

When 1 made the foregoing Obſervations, I deſigned 
to repeat moſt of them with more care and exactneſs, 
and to make ſome new ones for determining the man- 
ner how the rays of Light are bent in their paſſage by 
Bodies for making the fringes of Colours with the 
dark lines between them. But I was then interrup- 
ted, and cannot now think of taking theſe things into 
further confideration. And fince 1 have not finiſhed 
this part of my Defign, I ſhall conclude, with propo- 
fing only ſome Queries in order to a further ſearch to. 
be made by others. 5 


Query 1. Do not Bodies act upon Light at a diſtance, 
and by their action bend its rays, and is not this action 
(cteris paribus) ſtrongeſt at the leaſt diſtance? 

24. 2. Do not the rays which differ in refrangibility. 
differ alſo in flexibility, and are they not by their dif- 
ferent inflexions ſeparated from one another, ſo. as 
after ſeparation to make the Colours in the three fringes 

| above 
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above deſcribed? And after what manner are they in- 
flected to make thoſe fringes ? | 

Qu. 3. Are not the rays of Light in paſſing by the 
edges and fides of Bodies, bent ſeveral times backwards 
and forwards, with a motion like that of an Eel ? And 
do not the three fringes of coloured Light above-men- 
tioned, ariſe from three ſuch bendings? 1 

Qu. 4. Do not the rays of Light which fall upon Bo- 
dies, and are reflected or refracted, begin to bend be- 
fore they arrive at the Bodies; and are they not re- 
flected, refracted and inflected by one and the ſame 
Principle, acting variouſly in various circumſtances? : 

Qu. 5. Do not Bodies and Light act mutually upon 
one another, that is to ſay, Bodies upon Light in emit- 
ting, reflecting, refracting and inflecting it, and Light 
upon Bodies for heating them, and putting their parts 
into a vibrating motion wherein heat conſiſt? 
Qu. 6. Do not black Bodies conceive heat more eaſily 

from Light than thoſe of other Colours do, by reaſon. 

that the Light falling on them is not reflected outwards, 
but enters the Bodies, and is often reflected and re- 
fracted within them, until it be ſtifled and loſt ? 

Qu. 7. Is not the ſtrength and vigor of the action 
between Light and ſulphureous Bodies obſerved above, 
one reaſon why ſulphureous Bodies take fire more 
readily, and burn more vehemently, then other Bo- 
dies do? | : 
Qu. 8. Do not all fixt Bodies when heated beyond a 

certain degree, emit Light and ſhine, and is not this 
emiſhon performed by the vibrating motions of their. 
parts? 

2.9. 


ta) 

Qu. 9. Is not fire a Body heated ſo hot as to emit 
Light copiouſly ? For what elſe is a red hot Iron than 
fire? And what elſe is a burning Coal than red hot 
Wood? ef? e 

Qu. 10. Is not flame a vapour, fume or exhalation 
heated red hot, that is, ſo hot as to ſhine? For Bodies 
do not flame without emitting a copious fume, and this 
fume burns in the flame. The Ignis Fatuus is a vapour 
ſnining without heat, and is there not the ſame diffe- 
rence between this vapour and flame, as between rot- 
ten Wood ſhining without heat and burning Coals of 
fire? In diſtilling hot Spirits, if the head of the ſtill be 
taken off, the vapour which aſcends out of the Still will 
take fire at the flame of a Candle, and turn into flame, 
and the flame will tun along the vapour from the Candle 
to the Still. Some Bodies heated by motion or fermen- 
tation, if the heat grow intenſe fume copiouſly, and if 
the heat be great enough the fumes will ſhine and be- 
come flame. Metals in fuſion do not flame for want of 


"= copious fume, except Spelter which fumes copiouſſy, 


and thereby flames. All flaming Bodies, as Oyl, Tal- 
low, Wax, Wood, foſſil Coals, Pitch, Sulphur, by 
flaming waſte and vaniſh into burning ſmoke, which 
ſmoke, if the flame be put out, is very thick and viſible, 
and ſometimes {ſmells ſtrongly, but in the flame loſes 
its ſmell by burning, and according to the nature of the 
{moke the flame is of ſeveral Colours, as that of Sul. 
phur blue, that of Copper opened with Sublimate 
green, that of Tallow yellow. Smoke paſſing through 


flame cannot but grow red hot, and red hot ſmoke can 


have no other appearance than that of flame. 


Qu. II. 


6 
Qu. 11. Do not great Bodies conſerve their heat the 
longeſt, their parts heating one another, and may not 
great denſe and fix'd Bodies, when heated beyond a 
certain degree, emit Light fo copiouſly, as by the emiſ- 
fion and reaction of its Light, and the reflexions and re- 
fractions of its rays within its pores to grow ſtill hot- 
ter, till it comes to a certain period of heat, fuch as is 
that of the Sun? And are not the Sun and fix'd Stars 
great Earths vehemently hot, whoſe heat is conſerved 
by the greatneſs of the Bodies, and the mutual action 
and reaction between them, and the Light which they 
emit, and whole parts are kept from fuming away, not 
only by their fixity, but allo by the vaſt weight and 
denfity of the Atmoſpheres incumbent upon them, and 
very ſtrongly compreſſing them, and condenſing the va- 
pours and exhalations which ariſe from them? 7 

Qu. 12. Do not the rays of Light in falling upon the 
bottom of the Eye excite vibrations in the Tunica re- 
tina? Which vibrations, being propagated along the 
ſolid fibres of the optick Nerves into the Brain, cauſe 
the ſenſe of ſeeing. For becauſe denſe Bodies conſerve 
their heat a long time, and the denſeſt Bodies conſerve 
their heat the longeſt, the vibrations of their parts are 
of a laſting nature, and therefore may be propagated 
along ſolid fibres of uniform denſe matter to a great di- 
ſtance, for conveying into the Brain the impreſſions 
made upon all the Organs of ſenſe. For that motion- 
which can continue long in one and the fame part of a 
Body, can be propagated a long way from one part to 
another, ſuppoſing the Body homogeneal, ſo that the 
motion may not be reflected, refracted, interrupted or 
diſordered. by any unevenneſs of the Body.. 3 
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Qu. 13. Do not ſeveral ſort of rays make vibrations 
of ſeveral bigneſſes, which according to their bigneſſes 
excite ſenſations of ſeveral Colours, much after the 
manner that the vibrations of the Air, according to their 
ſeveral bigneſſes excite ſenſations of ſeveral ſounds ? 
And particularly do not the moſt refrangible rays ex- 
cite the ſhorteſt vibrations for making a ſenſation of 
deep violet, the leaft refrangible the largeſt for making 
a ſenſation of deep red, and the ſeveral intermediate 
forts of rays, vibrations of ſeveral intermediate bigneſ- 
ſes to make ſenſations of the ſeveral intermediate Co- 
lours? 

Qu. 14. May not the harmony and diſcord of Co- 
lours ait from the proportions of the vibrations propa- 
gated through the fibres of the optick Nerves into the 
Brain, as the harmony and diſcord of ſounds ariſes from 
the propor tions of the vibrations of the Air? For ſome 
Colours are agreeable, as thoſe of Gold and Indico, and 
others diſagree. 

Qu. 1 5. Are not the Species of Objects ſeen with both 
Eyes united where the optick Nerves meet before 
they come into the Brain, the fibres on the right ſide 
of both Nerves uniting there, and after union going 
thence into the Brain in the Nerve which is on the 
right fide of the Head, and the fibres on the left fide 
of both Nerves uniting in the ſame place, and after 
union going into the Brain in the Nerve which is on 
the left fide of the Head, and theſe two Nerves meet- 
ing in the Brain in ſuch a manner that their fibres 
make but one entire Species or Picture, half of which 
on the right fide of the Senſorium comes from the 
right ide of both * through the right fide 4 
bot 
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both optick Nerves to the place where the Nerves 
meet, and from thence on the right ſide of the Head 
into the Brain, and the other half on the left fide of the 
Senſorium comes in like manner from the left fide of 
both Eyes. For the optick Nerves of ſuch Animals as 


look the ſame way with both Eyes (as of Men, Dogs, 
Sheep, Oxen, Oc.) meet before they come into the 


Brain, but the optick Nerves of ſuch Animals as do 
not look the ſame way with both Eyes (as of Fiſhes and 


of the Chameleon) do not meet, if I am rightly in- 


formed. 3 3 
Qu. 16. When a Man in the dark preſſes either cor- 
ner of his Eye with his Finger, and turns his Eye away 


from his Finger, he will ſee a Circle of Colours like 


thoſe in the Feather of a Peacock's Tail? Do not theſe 
Colours ariſe from ſuch motions excited in the bottom 
of the Eye by the preſſure of the Finger, as at other 
times are excited there by Light for cauſing Viſion? And 


when a Man by a ſtroke upon his Eye ſees a Flaſh of 


Light, are not the like Motions excited in the Retina 
by the ſtroke? - . 
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ENUMERATIO 


LINEARUM 
TERTII ORDINIS. 


5 * 


Inet Geometricæ ſecundum numerum dimen- 


& Abſciſſas definitur, vel (quod perinde eſt) ſecun- 
dum numerum punctorum in quibus a linea recta 
ſecari poſſunt, optime diſtinguuntur in Ordines. 


Qua ratione linea primi Ordinis erit Recta ſola, ex 


ſecundi five quadratici ordinis erunt ſectiones Conicæ 
& Circulus, & eæ tertii five cubici Ordinis Parabola 
Cubica, Parabola Neiliana, Ciſſois veterum & reli- 
quæ quas hic enumerare ſuſcepimus. Curva autem 
primi generis, (fiquidem recta inter Curvas non eſt 
numeranda) eadem eſt cum Linea ſecundi Ordinis, 
& Curya ſecundi generis eadem cum Linea Ordinis 
tertii. Et Linea Ordinis infiniteſimi ea eſt quam 
recta in punctis infinitis ſecare poteſt, qualis eſt Spi- 
ralis, Cyclois, Quadratrix & linea omnis quæ per 
radii vel rotæ revolutiones infinitas generatur. 


Tt 2 Sectionum 


I. 


fionum æquationis qua relatio inter Ordinatas Lireum Or- 


II. 
Proprietates Se- 
ctionem Conica- 


\ 


„BM _— 
Sectionum Conicarum proprietates præcipuæ à 
Geometris paſſim traduntur. Et conſimiles ſunt pro- 


rum competunt prietates Curvarum ſecundi generis & reliquarum, ut 


curvis ſuperior 
generum. 


III. 
Curvarum ſe- 
cundi generis Or- 
 dinate, Diame- 
tri, Vertices, Cen- 
tra, Axes. 


9 72 —— — 


ex ſequenti proprietatum præcipuarum enumera- 
tione conſtabit. 
Nam fi re&# plures parallelæ & ad conicam ſe- 
ctionem utrinq; terminate ducantur, recta duas ea- 
rum biſecans biſecabit alias omnes, ideoq; dicitur Dia- 
meter figuræ & rectæ biſectæ dicuntur Ordinatim ap- 
plicatæ ad Diametrum, & concurſus omnium Dia- 
metrorum eſt Centrum figuræ, & interſectio Curvæ & 
diametri Verte nominatur, & diameter illa Axis 
eſt cui ordinatim applicatæ inſiſtunt ad angulos re- 


&os. Et ad eundem modum in Curvis ſecundi ge- 


neris, ſi rectæ duæ quævis parallelæ ducantur occur- 


rentes Curvæ in tribus punctis: recta quæ ita ſecat 
has parallelas ut ſumma duarum partium ex uno ſe- 
cantis latere ad curvam terminatarum æquetur parti 
tertiæ ex altero latere ad curvam terminatæ, eodem 


modo ſecabit omnes alias his parallelas curvæq; in 


tribus punctis occurrentes rectas, hoc eſt, ita ut ſum- 
ma partium duarum ex uno ipſius latere ſemper 
æquetur parti tertiæ ex altero latere. Has itaqʒ tres 
partes quæ hinc inde æquantur, Ordinatim appli- 
catas & rectam ſecantem cui ordinatim applicantur 
Diametrum & interſectionem diametri & curve Ver- 
ticem & concurſum duarum diametrorum Centrum 
nominare licet. Diameter autem ad Ordinatas re- 
ctangula ſi modo aliqua fit, etiam Axis dici poteſt, 
& ubi omnes diametri in eodem puncto concurrunt 


| iſtud erit Centrum generale. 


Hyper- 


4 
* 
* 
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Hyperbola primi generis duas Aſymptotos, ea ſ2- 
cundi tres, ea tertii quatuor & non plures habere po- 
teſt, & ſic in reliquis. Et quemadmodum partes 
lineæ cujuſvis rectæ inter Hyperbolam Conicam & 
duas ejus Aſymptotos ſunt hinc inde æquales: ſic in 
Hyperbolis ſecundi generis fi ducatur recta quævis 
ſecans tam Curvam quam tres ejus Aſymptotos in 
tribus punctis, ſumma duarum partium iſtius rea: 
quæ a duobus quibuſvis Aſymptotis in eandem pla- 
gam ad duo puncta Curvæ extenduntur æqualis erit 
parti tertiæ quæ a tertia Aſymptoto in plagam con- 
trariam ad tertium Curvæ punctum extenditur. 
Et quemadmodum in Conicis ſectionibus non Pa- 


V 


rabolicis quadratum Ordinatim applicatæ, hoc eft, Le. 


rectangulum Ordinatarum que ad contrarias par- 
tes Diametri ducuntur, eſt ad rectangulum partum 


Diametri quæ ad Vertices Ellipſeos vel Hyperbolz 


terminantur,ut data quædam linea quæ dicitur Latus 
rectum, ad partem diametri quæ inter Vertices jacet 
& dicitur Latus tranſverſum : ſic in Curvis non Para- 


bolicis ſecundi generis Parallelepipedum ſub tribus 
Ordinatim applicatis eſt ad Parallelepipedum ſub par- 
tibus Diametriad Ordinatas & tres Vertices figuræ ab- 


ſciſſis, in ratione quadam data: in qua ratione fi ſu- 


mantur tres rectæ ad tres partes diametri inter ver- 
tices figure ſitas ſingulæ ad ſingulas, tunc illæ tres 
rectæ dici poſſunt Latera reda figuræ, & illæ partes 
Diametri inter Vertices Latera tranſverſa.. Et ſicut 
in Parabola Conica quæ ad unam & eandem diame- 
trum unicum tantum habet Verticem, rectangulum 


{ub Ordinatis æquatur rectangulo ſub parte Diametri 


quæ ad. Ordinatas & Verticem abſcinditur & recta 
| quadam . 


IV. | 
Aſymptoti G- 


earum proprieta- 


recta g. 


) tranſver ſa. 
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quadam data quz Latus rectum dicitur,fic in Curvis 
lecundi generis quæ non niſi duos habent Vertices ad 
eandem Diametrum, Parallelepipedum ſubOrdinatis 
tribus æquatur Parallelepipedo ſub duabus partibus 
Diametri ad Ordinatas & Vertices illos duos abſciſſis, 
& recta quadam data quæ proinde Latus rectum 
dici poteſt. 5 1 ' 

VI. Deniq; ficut in Conicis ſectionibus ubi duæ paral- 
Why Pale. lelæ ad Curvam utrinq; terminatz ſecantur a dua- 
Jarum ſegmentis. bus parallelis ad Curvam utrinq; terminatis, prima 

, a tertia & ſecunda a quarta, rectangulum partium 
primæ eſt ad rectangulum partium tertiæ ut rectan- 
gulum partium ſecundæ ad rectangulum partium 
quartæ: ſic ubi gn tales rectæ occurrunt Curve 
tecundi generis ſingulæ in tribus punctis, parallele. 

pipedum partium primæ rectæ erit ad parallelepide- 
dum partium tertiæ, ut parallelepipedum partium 
ſecundæ ad parallelepipedum partium quartx. 
„„, Curxarum ſecundi & fuperiorum generum æque 
oli & Paß abo atq; Primi crura omnia in infinitum ks ory 
lica&corm pla- vel Hyperbolict ſunt generis vel Parabolici. Crus Hy- 
Ke perbholicum voco quod ad Aſymptoton aliquam in in- 
finitum OI Parabolicum quod Aſymptoto 
deſtituitur. Hæc crura ex tangentibus optime dig- 
noſcuntur. Nam fi punctum contactus in infinitum 
abeat tangens cruris Hyperbolici cum Aſymptoto 
coincidet & tangens cruris Parabolici in infinitum 
recedet, evaneſcet & nullibi reperietur. Invenitur 
igitur Aſymptotos cruris cujuſvis quærendo tangen- 
tem cruris illius ad punctum infinite diſtans. Plaga 
autem cruris infiniti invenitur quærendo poſitionem 
rectæ cujuſvis quz tangent! parallela eſt ubi gl 
ctu 
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ctum contactus in infinitum abit. Nam hec recta 
in eandem plagam cum crure infnito dirigitur. 
Lineæ omnes Ordinis primi, tertii, quinti, fep- VIII. 
timi & imparis cujuſq; duo habent ad minimum e, e Cur- 
crura in infinitum verſus plagas oppoſitas progre- generis ſecundi ad 
dientia. Et lineæ omnes tertii Ordinis duo habent en cl. 
a a . e quatuor. Caine 
ejufmodt crura in plagas oppoſitas progredientia in primus. 
quas nulla alia earum crura infinita (præterquam 
in Parabola Carteſiana) tendunt. Si crura illa 
ſint Hyperbolici generis, fit GAS eorum Aſymp- 
totos & huic parallela agatur rea quævis CB c 
ad Curvam utrinque (ſi fieri poteſt) terminata 
eademq; biſecetur in puncto X, & locus puncti il- Fg. 1. 
lius X erit Hyperbola Conica ( puta X &) cujus 
una Aſymptotos eft A S. Sit ejus altera Aſymp- 
totos AB, & æquatio qua relatio inter Ordinatam 
BC & Abſciſſam AB definitur, fi AB dicatur x & 
BC y, ſemper induet hanc formam xy y + ey=ax 
bx gg cx gd. Ubi termini e, a, b, c, d, deſig- 
nant quantitates datas cum fignis ſuis & — * 
ctas, quarum quælibet deeſſe poſſunt modo ex earum 
defectu figura in ſectionem conicam non vertatur. 
Poteſt autem Hybenbola illa Conica cum aſympto- 
tis ſuis coincidere, id eſt punctum & in recta AB 
locari: & tunc terminus Sey deeſt. Es 
At ſi recta illa Cc non poteſtutring; ad Curvam 
terminari ſed Curvæ in unico tantum puncto occur- „ N. 
2 . | : Caſus ſecund cis, 
rit : age quamvis poſitione datam rectam A B aſymp- 
tato A S occurrentem in A, ut & aham quamvis BC 
aſymptato illi parallelam Curvæque occurrentem in 
bpuncta C, & æquatio qua. relatia inter — 


AW 
BC & Abſciſſam AB definitur, ſemper induet hane 
formam xy =axi--bxx+Fcx-Fd. | 
© PE. Quod ſi crura illa oppoſita Parabolici fint generis, 
recta CB c ad Curvam utrinque, ſi fierr poteſt, ter- 
minata in plagam crurum ducatur & biſecetur in B, 
KX locus puncti B erit linea recta. Sit iſta AB, ter- 
minata ad datum quodvis punctum A, & æquatio 
qua relatio inter Ordinatam BC & Abſciflam AB 
definitur, ſemper induet hanc formam, yy Sax 
ben l. 8 2 | 
XI. At vero f1 recta illa CB c in unico tantum puncto 
_ Coſus quart. gecurrat Curve, ideoq; ad Curvam utring; terminari 
non pofhit : fit punctum illud C, & incidat recta illa 
ad punctum B in rectam quamvis aliam poſitione 
datam & ad datum quodvis punctum A terminatam 
AB: & æquatio qua relatio inter Ordinatam BC & 
Abſciſſam AC definitur ſemper induet hanc formam, 
F Sar pb Rx pred „ 


XII. Enumerando curvas horum caſuum, Hyperbolam 
_ Nominaform®- yocabimus inſ dhe ee quæ tota jacet in Alymptotsn 
£ angulo ad inſtar Hyperbolæ conicæ, circumſcriptam 


quæ Aſymptotos ſecat & partes abſciſſas in ſinu ſuo 
amplectitur, ambigenam quæ uno crure infinito in- 
{cribitur & altero circumſcribitur, convergentem 
cujus crura concavitate ſua ſeinvicem reſpiciunt & 
in plagam eandem diriguntur, divergentem cujus crura 
convexitate ſua ſeinvicem recipiunt & in plagas con- 
trarias diriguntur, cruribus contrariis præditam cujus 
crura in partes contrarias convexa ſunt & in plagas 
contrarias infinita, Conc hoidalem quæ vertice concavo 
& cruribus divergentibus ad aſymptoton applicatur, 
angumeam que flexibus contrariis aſymptoton * 
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& utrinqʒ in cruracontraria producitur, cruciformem 

quæ conjugatam decuſſat, nodatam quæ ſeipſam de- 
cuſſat in orbem redeundo, cuſpidatam cujus partes 
duæ in angulo contactus concurrunt & ibi terminan- 

tur, punctatam quæ conjugatam habet Ovalem infi- 

nite parvam 1d eſt punctum, & puram que per im- 
poſſibilitatem duarum radicum Ovali, Nodo, Cuſ- 
pide & Puncto conjugato privatur. Eodem ſenſu 
Parabolam quoq; convergentem, divergentem, cruri- 

bus contrarus præditam, cruciformem, nodatam, cuſ- 
pidatam, pundatam & puram nominabimus. 5 
In caſu primo fi terminus a x3 affirmativus eſt Fi- „ U, 

: 5 2 5 e Hyberbola 
gura erit Hyperbola triplex cum ſex cruribus Hy- redundante &- 
perbolicis quæ juxta tres Aſymptotos quarum nullæ % mib A. 
ſunt parallelæ in infinitum progrediuntur, binæ juxta” TY: 
unamquamgq; in plagas contrarias. Et he Aſymp- 
toti fi terminus bxx non deeſt ſe mutuo ſecabunt 
in tribus punctis triangulum ( Dd#) inter ſe con- 
tinentes, fin terminus bx x deeſt convergent omnes 
ad idem punctum. In priori caſu cape AD 
% & Ad A=, ac junge Dd, De, & erunt 
AD, Dd, Da tres Aſymptoti. In poſteriori duc 
ordinatam quamvis BC, & in ea utrinq; producta 


cape hine inde BF & 'Bf ſibi mutuo æquales & 


in ea ratione ad A B quam habet Vd ad a, jungeq; 
AF, Af, & erunt AB, AF, Af tres Aſympoti. 
Hanc autem Hyperbolam vocamus redundantem 
quia numero crurum Hyperbolicorum Sectiones Co- 
nicas ſuperat. EY 
In Hyperbola omni redundante ſi neq; terminus 2 Hy- 
ey deſit neq; fit bb- 4ac æquale + ae curva nul- perbole diamerris 


lam habebit diametrum, fin eorum alterutrum ac- 8 
| VVV 


XV. 


Hyperbolæ no- 
vem redundantes 
que diametro de- 
ſtituuntur & tres 


habent Aſympto- 
tos triangulum 
capientes. 


Fig. 15 2. 
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cidat curva habebit unicam diametrum, & tres fi 


utrumque. Diameter autem ſemper tranft per in- 


terſectionem duarum Aſymptoton & biſecat rectas 
omnes que ad Aſymptotos illas utrinq; terminantur 
& parallelæ ſunt & Aſymptoto tertiæ. Eſtq; abſciſſa 
ab diameter Figuræ quoties terminus ey deeft. 
Diametrum vero abſolute dictam hic & in ſequen- 
tibus in vulgari ſignificatu uſurpo, nempe pro ab- 
ſciſſa quæ paſſim habet ordinatas binas æquales ad 


idem e hinc inde inſiſtentes. 


Si Hyperbola redundans nullam habet diametrum 
quærantur Xquationis hujus a x. bx Xx qdx 
os radices quatuor ſeu valores ipſius x. Ex 
ſunto AP, Az, An, Ap. Erigantur ordinatx 
PT, vr, h pt, & hx tangent Curvam in punctis 
totidem TP: 7, |, t, & tangendo dabunt limites Cur- 
væ per quos ſpecies ejus innoteſcet. . 

Nam ſi radices omnes AP, Aw, Ar, Ap ſunt 


reales, ejuſdem ſigni & inæquales, Curva conſtat ex 


Fig. 3, 4. 


tribus Hyperbolis, ( inſcripta circumſcripta & am- 


bigena ) cum Ovali. Hyperbolarum una jacet ver- 


ſus D, altera verſus d, tertia verſus “, & Ovalis 
ſemper jacet intra triangulam Dd ©, atq; etiam in- 
ter medios limites 7 & -, in quibus utiq; tangitur 
ab ordinatis =! & vr. Et hæc eſt ſpecies prima. 

Si e radicibus duæ maximæ Ax, A p, vel duæ mi- 


nimæ AP, A æquantur inter ſe, & ejuſdem ſunt 


ſigni cum alteris duobus, Ovalis & Hyperbola cir- 
cumſcripta ſibi inxicem junguntur coeuntibus earum 
punctis contactus & t vel T & & crura Hyper- 
bolæ ſeſe decuſſando in Ovalem continuantur, figu- 


ram nodatam efficientia. Quæ ſpecies eſt ſecunda. 
TR 81 
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8 e radicibus tres maximæ Ap, Arn, Am, vel tres Fig. 5, C. 
minimæ Ar, Aw, AP æquentur inter ſe, Nodus in 
cuſpidem acutiffimum convertetur. Nam crura duo 
Hyperbolæ circumſcriptæ ibi in angulo contactus 
concurrent & non ultra producentur. Et hæc eſt 
ſpecies tertia. 

Si e radicibus duæ mediæ A & An æquentur in- Eg. 7. 
ter ſe, puncta contactus & coincidunt, & propte- 
rea Ovalis inter jecta in punctum evanuit, & conſtat 
figura ex tribus Hyperbolis, inſcripta, circumſcripta 
& ambigena cum | puncto conjugato. Quæ eſt ſpecies 
quarta. 

Si duz ex radicibus ſunt impoſſibiles & reliquæ Fg. 78,13, 14. 
duæ inæquales & ejuſdem ſigni (nam ſigna contraria 
habere nequeunt, ) pur habebuntur Hyperbolz tres 
fine Ovali vel Nodo vel cuſpide vel puncto conju- 
gato, & hx Hyperbolz vel ad latera trianguli ab 
Aſymptotis po GT” vel ad angulos ejus jacebunt 
& perinde ſpeciem vel quintam vel ſextam conſti- 
tuent. 

Si e radicibus duæ ſunt æquales & altera duæ Fig 9110,15,16. 
vel impoſſibiles ſunt vel reales cum ſignis quæ a fig- 
nis æqualium radicum diverſa ſunt, figura crucifor- 
mis habebitur, nempe duæ ex Hyperbolis ſeinvicem 
decuſſabunt idq; vel ad verticem trianguli ab A- 
ſymptotis comprehenſi, vel ad ejus baſem. Quæ 
duæ ſpecies ſunt ſeptima & octava. 

Si deniq; radices omnes ſunt impoſſibiles vel fi Eg. 11, 12. 
omnes ſunt reales & inæquales & earum duæ ſunt 
affirmativæ & alteræ duæ negativæ, tunc duæ habe- 
buntur W ad angulos oppoſitos duarum 
U u 2 Aſymp- 


e en 
Aſymptotsn cum Hyperbola angumea circa Aſymp- 
toton tertiam. Quæ ſpecies eſt nona. 

Et hi ſunt omnes radicum caſus poſſibiles. Nam 
fi duæ radices ſunt æquales inter ſe, & aliæ duæ ſunt 
etiam inter ſe æquales, Figura evadet Sectio Conica 

cum linea recta. FR | | 

XVI. Si Hyperbola redundans habet unicam tantum 

e 41, Diametrum fit ejus Diameter Abſciſſa AB, & æqua- 

tescum unica tan tionis hujus a x XxX CX Hd o quere tres ra- 
tum Diametro. d ices ſeu valores x. z HI 

Fig. 17. Si radices illæ ſunt omnes reales & ejuſdem figni, 

Figura conſtabit ex Oval: intra triangulum Dd o ja- 
cente & tribus Hyperbolis ad angulos ejus, nempe 
circumſcripta ad angulum D & inſcriptis duabus ad 
angulos d & Y. Et hæc eſt ſpecies decinaa. 

Hg. 18, - Si radices duæ majores ſunt æquales & tertia ejuf- 
dem ſigni, crura Hyperbolæ jacentis verſus D ſeſe 
decuſſabunt in forma Nodi propter contactum Ova- 

lis. Quæ ſpecies eſt undecima. 2 


Fig. 19. Si tres radices ſunt æquales, Hyperbola iſta fit 
| cuſpidata fine Ovali. Quæ ſpecies eſt duodecima. 
Fig. 20. Si radices duæ minores ſunt æquales & tertia ejuſ- 


dem ſigni, Ovalis in punctum evanuit. Quæ ſpecies 
eſt decima tertia. In ſpeciebus quatuor noviſſimis 
Hyperbola quæ jacet verſus D Aſymptotos in ſinu 
ſuo amplectitur, reliquæ duæ in finu Aſymptoten 


| jacent. 3 Fits . 8 
NN Si duæ ex radicibus ſunt impoſſibi les habebuntur tres 
30 Hyperbolz pure fine Ovali decuſſatione vel cuſpide. 
Fig.23 Et hujus caſus ſpecies ſunt quatuor, nempe decima 


quarta fi Hyperbola circumſcripta jacet verſus D & 
| . decima 
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decima quinta fi Hyperbola inſeripta jacet verſus D, 
decima ſexta fi Hyperbola circumſcripta jacet ſub 
baſi d® trianguli Dd , & decima ſeptima ſi Hyper- 
bola inſcripta jacet ſub eadem baſi. 

Si duæ radices ſunt æquales & tertia ſigni diverſi Bg. 24 
figura erit cruciforms. Nempe duæ ex tribus Hy- 
perbolis ſeinvicem decuſſabunt idq; vel ad verticem 
trianguli ab Aſymptotis comprehenſi vel ad ejus ba- 
ſem. Quæ duæ ſpecies ſunt decima octava & decima 
nona. . 

Si duæ radices ſunt inæqua les & ejuſdem ſigni & 
tertia eſt ſigni diverſi, duæ habebuntur Hyperbolæ 
in oppoſitis angulis duarum aſymptotën cum Con- 
choidali intermedia. Conchoidalis autem vel jace- . 27: 
bit ad eaſdem partes aſymptoti ſuæ cum triangulo? 
ab aſymptotis conſtituto, vel ad partes contrarias ; 

& hi duo caſus conſtituunt ſpeciem vigefimam & vi- 
geſimam primam. N 

 Hyperbola redundans quæ habet tres diametros „% , 
conſtat ex tribus Hyperbolis in ſinubus aſymptotsn redurtantes cum 
jacentibus, 1dq; vel ad angulos trianguli ab aſympto- 2 cc 
tis comprehenſi vel ad ejus latera. Caſus prior dat x5. 20. 
ſpeciem vigeſimam ſecundam, & poſterior ſpeeiem vi- 
geſimam tertiam. == 

Si tres aſymptoti in puncto communi ſe mutuo XVIII. 

decuſſant, vertuntur ſpecies quinta & ſexta in vige- , 97%" 1. 

) P 9 BE” vem redundante: 
ſimam quartam , ſeptima & octava in vigeſimam cum Almptoti 
quintam, & nona in vigeſimam ſextam ubi Anguinea % 44 comm- 
non tranſit per concurſum aſymptoton, & in vigeſi- verteibus. 
mam ſeptimam ubi tranſit per concurſum illum, quo . 30. 
caſu termini b ac d deſunt, & concurſus aſympto- Fe. "hag 
ton eſt centrum figuræ ab omnibus ejus partibus Eg. 33. 

58 5 oppoſitis 


oppoſitis æqualiter B Et he HIRE: ipecics 
Diametrum non habent. 


Fig. 34 Vertuntur etiam ſpecies decima quarta ac decima 
Ft 4 ſexta | in vigeſimam octavam, decima quinta ac de- 
®g.37. ima ſeptima in vigeſimam nonam, decima octa va 


& decima nona in tricefimam, & vigeſima cum vige- 
fima prima in triceſimam primam. Et he ſpecies 
unicam habent diametrum. 

Fig. 38. Ac deniq; ſpecies vigeſima ſecunda & vigeſima 
tertia vertuntur in ſpeciem triceſimam ſecundam cu- 
jus tres ſunt Diametri Per concurſum aſymptoten 
tranſeuntes. Quæ omnes converſiones facillime in- 
telliguntur faciendo ut triangulum ab aſymptotis 
comprehenſum diminuatur donec 1 in Foun eva- 
neſcat. 

X. primo æquationum caſu terminus a x? ne- 

3 5g 2 gativus eſt, Figura erit Hyberbola defectiva unicam 

rum non haben- habens aſymptoton & duo tantum crura Hyperbo- 

„„ loca juxta aſymptoton illam in plagas contrarias in- 

finite progredientia. Et aſymptotos illa eſt Ordi- 
nata prima & principalis AG. Si terminus ey non 
deeſt figura nullam habebit Diametrum, ſi deeſt ha- 
bebit unicam. In priori caſu ſpecies fic enume- 

\::.. 2 _ 

Fig. 39. Si æquationis hujus axi=bw+cxxd-duett lee, 
Ss radices omnes A, AP, Ap, Aw, ſunt reales & 1n- 
zquales, Figura erit Hyperbola anguinea aſympto- 
ton flexu contrario amplexa, cum Oval: conjugata. 

Qua ſpecies eſt triceſima tertia. 

g. 4. Si radices duæ mediæ AP & Ap æquentur inter 

ſe, Ovalis & Anguinea junguntur ſeſe decuſſantes 
in forma Nodi. Quæ eſt ſpecies triceſima quarta. 8 
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Si tres radices ſunt æquales, Nodus vertetur in Ff. a. 
cuſpidem acutiſſimum in vertice anguinex. Et hæc 
eſt ſpecies tricesima quinta. 

Si e tribus radicibus ejuſdem ſigni duæ maximæ Fg. 43. 
Ap & A fibi mutuo æquantur, Ovalis in punctum 
evanuit. Quæ ſpecies eſt triceſima ſexta. 

Si radices duæ quævis imaginariæ ſunt, ſola ma- 
nebit Anguinea pura fine Ovali, decuſſatione, cu 
pide vel puncto conjugato. Si Anguinea illa non Eg. 42. 
tranſit per punctum A ſpecies eſt triceſima ſeptima, _ 
fin tranſit per punctum illud A (id quod contingit Fg. 43. 
ubi termini b ac d deſunt,) punctum illud A erit 
centrum figuræ rectas omnes per ipſum ductas & 
ad Curvam utrinq; terminatas biſecans. Et hæc 
eſt ſpecies triceſima octa va. 3 Et 

In altero caſu ubi terminus ey deeſt & propterea XX. 
figura Diametrum habet, ſi æquationis hujus a x- „„ 
=bxx-+cx+d radices omnes A T, At, Ar, ſunt amerum haben. 
reales, inæquales & ejuſdem ſigni, figura erit Hyper- r 
bola Conchoidalis cum Oval: ad convexitatem. Quæ 45" 
eft ſpecies triceſima nona. 5 1 

Si duæ radices ſunt inæquales & ejuſdem ſigni & Hg. 44. 
tertia eſt ſigni contrarii, Ovalis jacebit ad concavi- 
tatem Conchoidalis. Eſtq; ſpecies quadrageſima. 

Si radices duæ minores AT, At, ſunt æquales Eg. 46. 
& tertia AT eſt ejuſdem ſigni, Ovalis & Conchoi- 
dalis jungentur ſeſe decuſſando in modum Nodi. 

Quæ ſpecies eſt quadrageſima prima. 1 

Si tres radices ſunt æquales, Nodus mutabitur in Eg. 47; 
Cuſpidem & figura erit Ci ois Veterum. Et hæc eſt 
ſpecies quadrageſima ſecundaa. 
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Fig. 45. Si radices duæ majores ſunt æquales, & tertia eſt 
cchjſuſdlem ſigni, Conchoidalis habebit punctum conju- 
gatum ad convexitatem ſuam, eltq; ſpecies quadra- 
geſima tertia. e 3 
Fig. 49. Si radices duæ ſunt æquales & tertia eſt ſigni con- 
trarii Conchoidalis habebit punctum conjugatum 
ad concavitatem ſuam, eſtq; ſpecies quadrageſima 

quarta. 25 e 


gg. 48,49. Si radices duæ ſunt impoſſibiles habebitur Con- 
| choidalis pura fine Ovali , Nodo, Cuſpide vel 
puncto conjugato. Quz ſpecies eſt quadrageſima 
quinta. A 
XXI. Siquando in primo æquationum caſu terminus a x3 
e eg deeſt & terminus bx x non deeſt, 95 — erit Hy- 
em DParabolice *** | x : 
Diametrum non perbola Parabolica duo habens crura Hyperbolica ad 
— unam Aſymptoton SAG & duo Parabolica in pla- 
gam unam & eandem convergentia. Si terminus 
ey non deeſt figura nullam habebit diametrum, ſin 
deeſt habebit unicam. In priori caſu ſpecies ſunt 
hæ. 
Fig.zd Si tres radices AP, Ar, Ar æquationis hujus 
7 bx cx dx ee o ſunt inæquales & ejuſdem 
figni, figura conſtabit ex Ovali & aliis duabus Curvis 
quæ partim Hyperbolice ſunt & partim Parabolicæ. 
Nempe crura Parabolica continuo ductu junguntur 
cruribus Hyperbolicis ſibi proximis. Et hæc eſt 
ſpecies quadregeſima ſexta. 3 5 
Fg. $1 Si radices duæ minores ſunt æquales & tertia eſt 
euiden ſigni, Ovalis & una Curvarum illarum 
Hyperbolo-Parabolicarum junguntur & ſe decuſſant 


in formam Nodi. Quæ ſpecies eſt quadrageſima 
ſeptima. he We 


vl 
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Si tres radices ſunt æquales, Nodus ille in Cuſ- Hg., 
pidem vertitur. Eſtq; ſpecies quadrageſima octa va. 

Si radices duæ majores ſunt æquales & tertia eſt *. 58. 
ejuſdem ſigni, Ovalis in pundum conjugatum eva- 
nuit. Quæ ſpecies eſt quadrageſima nona. 

Si duæ radices ſunt impoſſibiles, manebunt pur Lig. 53,54. 
illæ duæ curvæ Hyperbolo- parabolicæ fine Ovali, 
decuſſation e ,cuſpide vel puncto conjugato, & \pe- 
ciem quinquageſimam conſtituent. 

Si radices duæ ſunt æquales & tertia eſt ſigni con- . 3. 
trarii, Curve illæ hy perbolo- parabolicæ junguntur 
ſeſe decuſſando in morem crucis. Eſtq; ſpecies quin- 
quageſima prima. 

Si radices duæ ſunt inzquales & ejuſdem ſigni & K. 56 
tertia eſt ſigni contrarii, figura evadet Hyperbola 
anguinea circa Aſymptoton AG, cum Parabola con- 
jugata. Et hec eſt ſpecies quinquageſima ſecunda. 

In altero caſu ubi terminus ey deeſt & figura „ XXIl- 
Diametrum habet, fi duæ radices æquationis hujus mor Parabolcs 
bxx+cx+d=0 ſunt impoſſibiles, duæ habentur Diamerrum ba- 
figuræ hyperbolo-parabolicæ a Diametro AB hinc . 
inde æqualiter diſtantes. Quæ ſpecies eſt quinqua- 
geſt ma tertia. 

Si æquationis illius radices Jus ſunt impoſſibiles, 7g. 58. 
Figuræ hyperbolo-parabolice junguntur ſeſe de- 
cuſſantes in morem crucis, & ſpeciem quinquageſi- 
mam quartam conſtituunt. 

Si radices illæ ſunt inæquales & ejuſdem ſigni, ha- . 59- 
betur Hyperbola Conchoidalis cum Parabola ex 
eodem latere Aſymptoti. Eſtq; ſpecies qulnguage- 
ſima quinta. 


X Si 


Jig. 60: 


XXIII. 
Quatuor Hy- 


perboliſmi Hyper- 
bole. 


. 
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Si radices illæ ſunt ſigni contrarii, habetur Con- 
choidalis cum Parabola ad alteras partes Aſymptoti. 
Quz ſpecies eſt quinquagefima ſexta. — 
Siquando in primo æquationum caſu terminus 
uterq; ax? & bx x deeſt, figura erit Hyperboliſmus 
ſectionis alicujus Conicæ. Hyperboliſmum figure 
voco cujus Ordinata prodit applicando contentum ſub 
Ordinata figuræ illius & recta data ad Abſciſſam com- 
munem. Hoac ratione linea recta vertitur in hyper- 
bolam Conicam, & ſectio omnis Conica vertitur in 
aliquam figurarum quas hic Hy perboliſmos ſectio- 
num Conicarum voco. Nam æquatio ad figuras 
de quibus agimus, nempe xVyy ey E Y di ſeu 
eee fAdx NA cxx generatur appli- 


: Lf — 
— 


cando contentum ſub Ordinata ſectionis Conicæ 
eee T AdxYAexx & recta data m ad curvarum 
Abſciſſam communem x. Unde liquet quod figura 
genita Hyperboliſmus erit Hyperbolz, Ellipſeos vel 
Parabolz perinde ut terminus cx affirmativus eſt 


vel negativus vel nullus. 
Hyperboliſmus Hyperbolz tres habet aſymptotos 
quarum una eſt Ordinata prima & principalis Ad, 
alteræ duz ſunt parallelæ Abſciſſæ AB & ab eadem 
hinc inde æqualiter diſtant. In Ordinata principali 
Ad cape Ad, A“ hinc inde æquales quantitati Vc 
& per puncta d ac © age dg, 47 Aſymptotos Ab- 

ſciſſæ A B parallelas. 
Ubi terminus ey non deeſt figura nullam ha- 
bet diametrum. In hoc caſu fi æquationis hujus 
cxxHdx ee o radices duæ AP, Ap ſunt reales 
& 


_ 

& inæquales (nam æquales efle nequeunt niſi figura Ez. 61. 
ſit Conica ſectio) figura conſtabit ex tribus Hyper- 

bolis ſibi oppoſitis quarum una jacet inter aſymp- 

totos parallelas & alteræ duæ jacent extra. Et hæc 

eſt ſpecies quinquageſima ſeptima, 

Si radices illæ duz ſunt impoſhbiles, habentur Hy- 
perbolz duæ oppoſitz extra aſymptotos parallelas & 
Anguinea hyperbolica intra eaſdem. Hæc figura 
duarum eſt ſpecierum. Nam centrum non habet Eg. 62: 
ubi terminus d non deeſt; ſed fi terminus ille deeſt *# 53 
punctum A eſt ejus centrum. Prior ſpecies eſt quin- 
quageſima octava, poſterior quinquageſima nona. 

Quod ſi terminus ey deeſt, figura conſtabit ex Eg. 64. 
tribus hyperbolis oppoſitis quarum una jacet inter 
aſymptotos parallelas & alteræ duæ jacent extra ut 
in ſpecie quinquageſima quarta, & præterea diame- 
trum habet quæ eſt abſciſſa AB. Et hæc eſt ſpecies 
ſexageſima. . 

Hyperboliſmus Ellipſeos per hanc æquationem de- XXIV. 
finitur xy Y ey cx d, & unicam habet aſymp- 7. * 1 
toton quæ eſt Ordinata principalis Ad. Si terminus Eg. 65. — 
ey non deeſt, figura eſt Hyperbola anguinea fine dia- 5 | 
metro atq; etiam fine centro fi terminus d non deeſt. 1 
Quę ſpeeies eſt ſexageſima prima. 1 

At ſi terminus d deeſt, figura habet centrum ſine Eg. 66. 
diametro & centrum ejus eſt pun&um A. Species 
vero eſt ſexageſima ſecunda. 

Et ſi terminus ey deeſt & terminus d non deeſt, Fg. 67. 
ſigura eſt Conchoidalis ad aſymptoton AG, habetq; 
diametrum ſine centro, & diameter ejus eſt Abſciſſa 

AB. Quæ ſpecies eſt ſexageſima tertia. 

* Hyper- 
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XXV. Fyperboliſmus Parabolæ per hanc æquationem 
- Hyper Jefiniturxyy-+ey=d ; & duas habet aſymptotos, 
iſmi Parabolæ. * . ; x 3 5 
Abſciſſam AB & Ordinatam primam & principalem 
AG. Hyperbolz vero in hac figura ſunt duæ, non 
in aſymptotòn angulis oppoſitis ſed in angulis qui 


Fig. 68. ſunt deinceps jacentes, idq; ad utrumq; latus ab- 
5 ſciſſæ AB, & vel fine diametro ſi terminus ey ha- 
Fig. 69. betur, vel cum diametro fi terminus ille deeft. Quæ 
due ſpecies ſunt. ſexageſima quarta & ſexageſima 
dune. 
. In ſecundo æquationum caſu habebatur æquatio 
riaens, 


xXy=ax+Fbxx--cx+d. Et figura in hoc caſu 
habet quatuor crura infinita quorum duo ſunt hy- 
perbolica circa aſymptoton A G in contrarias partes 
tendentia & duo Parabolica convergentia &. cum: 
prioribus ſpeciem Tridentis fere efformantia. Eftq; 
Fig. 76. hæc Figura Parabola illa per quam Carteſius æqua- 
tiones ſex dimenſionum conftruxit. Hæc eſt igitur 

ſpecies ſexageſima ſexta. FP. 
XXVII. In tertio caſu æquatio erat yy v bxx-+ cx 
 Farabole quin- d, & Parabolum defignat cujus crura divergunt 
tent abinvicem & in contrarias partes infinite progre- 
diuntur. Abſciſſa AB eſt ejus diameter & ſpecies ejus 

ſunt quinq; ſequentes. | 

Fig. 70, 72: Si æquationis a x bx cx d oo radices om- 
nes Ar, AI, At ſunt reales & inæqua les, figura eſt 
Parabola divergens campaniformis cum Ovali ad 

1 verticem. Et ſpecies eſt ſexageſima ſeptima. 
Fig. 72. Si radices duæ ſunt æquales, Parabola prodit vel 
. 75. nodata contingendo Ovalem, vel pundata ob Ovalem 


infinite parvam. Quæ duæ ſpecies ſunt ſexageſima 
octava & ſexageſima nona. * 


Si 
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Si tres radices ſunt æquales Parabola erit cuſpi- Fig. 75, 
data in vertice. Et hes eft Parabola Neiliana qua 
vulgo ſemicubica dicitur. 

Si radices duæ ſunt impoſſibiles, habetur Parabola Eg. 73, 74. 
pura campaniformis ſpeciem ſeptuageſimam primam 
conſtituens. | 

In quarto caſu æquato erat y=ax -Fbxx+cx XXVII. 
Ad, & hæc æquatio Parabolam illam Walliſianam fee cubice. 
deſignat quæ crura habet contraria & cubica di-- 
ci ſolet. Et fic ſpecies omnino ſunt ſeptuaginta 
SE ĩ ö 

Si in planum infinitum a puncto lucido illumina- „e, 
tum umbræ figurarum projiciantur, umbræ ſectio- * 
num Conicarum ſemper erunt ſectiones Conicæ, eæ 
Curvarum ſecundi generis ſemper erunt Curvæ ſe- | 
cundi generis, ex curvarum tertii generis ſemper | 
erunt Curvæ tertii generis, & ſic deinceps in infini- 
tum. Et quemadmodum Circulus umbram proji- 
ciendo generat ſectiones omnes conicas, ſic Parabolæ 
quinq; divergentes umbris ſuis generant & exhi- 
bent alias omnes ſecundi generis curvas, & fic 1 
Curve quædam fimpliciores aliorum generum inve- 
niri poſſunt quæ alias omnes eorundem generum | 
curvas umbris ſuis a puncto lucido in planum pro- 
jectis formabunt. He 
Diximus Curvas ſecundi generis a linea recta in XXX. 


Curvarum pus * 


punctis tribus ſecari poſſe. Horum duo nonnun- 1 dpi 

quam coincidunt. Ut cum recta per Ovalem infi- 5 

nite parvam tranſit vel per concurſum duarum par- 

tium Curvæ ſe mutuo ſecantium vel in cuſpidem 

coeuntium ducitur. Et ſiquando rectæ omnes in 5 
— — plagam | 
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plagam cruris alicujus infiniti tendentes Curvam 
in unico tantum puncto ſecant (ut fit in ordinatis 
Parabolæ Carteſianæ & Parabolæ cubicæ, nec non in 
rectis Abſciſſæ Hyperboliſmorum Hyberbolæ & Para- 
bolæ parallelis) concipiendum eſt quod rectæ illæ 
per alia duo Curvæ puncta ad infinitam diſtan- 
tiam fita (ut ita dicam) tranſeunt. Hujuſmodi 
interſectiones duas coincidentes ſive ad finitam 

ſint diſtantiam ſive ad infinitam, vocabimus pun- 
ctum duplex. Curvæ autem quæ habent pun- 
ctum duplex deſcribi poſſunt per ſequentia Theo- 

remata. 1 
XXX1. > 5 BE Fs 1 

ee.“ I. Si anguli duo magnitudine dati PAD, PBD circa 
{criptione enga- Polos poſitione datos A, B rotentur, & eorum crura 
Ra AP, BP concurſu ſuo P percurrant lineam rectam; 
TY crura duo reliqua A D, BD concurſu ſuo D deſcri- 
bent ſectionem Conicam per polos A, B tranſeun- 
tem: præterquam ubi linea illa recta tranſit per — 
lorum alterutrum A vel B, vel anguli BAD, ABD 
ſimul evaneſcunt, quibus in caſibus punctum D de- 

ſeribet lineam rectam. 


2. Si crura prima A P, BP concurſu ſuo P 
percurrant ſectionem Conicam per polum alter- 
utrum A tranſeuntem, crura duo reliqua A D, BD 
concurſu ſuo D deſcribent Curvam ſecundi gene- 
ris per polum alterum B tranſeuntem & pun- 
cum duplex habentem in polo primo A per quem 
ſectio Conica tranſit: præterquam ubi angult 
BAD, ABD ſimul evaneſcunt, quo caſu pun- 

e ctum 


[159 ] 
&um D deſcribet aliam ſectionem Conicam per po- 
lum A tranſeuntem. 


3. At fi ſectio Conica quam punctum P percur- 
rit tranſeat per neutrum polorum A, B, punctum 
D deſcribet curvam ſecundi vel tertii generis pun- 
ctum duplex habentem. Et punctum illud duplex 
in concurſu crurum deſcribentium, AD, BD in- 
venietur ubi anguli BAP, A BP fimul evaneſcunt. 
Curva autem deſcripta ſecundi erit generis ſi an- 
guli BAD, ABD fimul evaneſcunt, alias erit ter- 
tii generis & alia duo habebit puncta duplicia in 
polis A & B. 


Jjuam ſectio Conica determinatur ex datis ejus _XXXIL 
punctis quinq; & per eadem fic deſcribi poteſt. eee d 
Dentur ejus puncta quinq; A, B, C, D, E. Jun- 1 per data guin- 
gantur eorum tria quæ vis A, B, C & trianguli AB C' Pete. 
rotentur anguli duo quivis CAB, CBA circa ver- 

tices ſuos A & B, & ubi crurum AC, BC interſectio 

C ſucceſſive applicatur ad puncta duo reliqua D, E, 

incidat interſectio crurum reliquorum AB & BA 

in puncta P & Q. Agatur & infinite producatur 

recta PQ, & anguli mobiles ita rotentur ut inter- 

ſectio crurum AB, BA percurrat rectam PQ, & 

crurum reliquorum interſectio C deſcribet propoſi- 


tam ſectionem Conicam per Theorema primum. 
TR = XXXII. 


Curvarum ſe- 


Curvæ omnes ſecundi generis punctum duplex c,4;gereris fl. 


habentes determinantur ex datis earum punctis v duplex ha- 
9 5 bentium deſcrip- 
ſeptem, quorum unum eſt punctum illud duplex, per dat fep- 


tem puncta. 
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j 
f 
1 


[160 


& per eadem puncta fic deſcribi poſſunt. Dentur 
Curvæ deſcribendæ puncta quælibet ſeptem A, B, C, 
D, E, F, G quorum A eſt punctum duplex. Jun- 
gantur punctum A & alia duo quævis e punctis puta 

B & C; K trianguli ABC rotetur tum angulus 

CAB circa verticem ſuum A, tum angulorum relj- 

quorum alteruter ABC circa verticem ſuum B. Et 

ui crurum AC, BC concurſus C ſucceſſive appli- 

catur ad puncta quatuor reliqua D, E, F, G incidat 
concurſus crurum reliquorum AB & B A in puncta 
quatuor P, Q, R, S. Per puncta illa quatuor & 
quintum A deſcribatur ſectio Conica, & anguli præ- 
fati CAB, CBA ita rotentur ut crurum AB, BA 
concurſus percurrat ſectionem illam Conicam, & 
concurſus reliquorum crurum A C, BC delcribet 

Curvam propoſitam per Theorema ſecundum. 

Si vice puncti C datur poſitione recta BC que 
Curvam deſcribendam tangit in B, lineæ AD, AP 
coincident, & vice anguli DA habebitur linea recta 
circa polum A rotanda. 

Si punctum duplex A infinite diſtat debebit Recta 
ad plagam puncti illius perpetuo dirigi & motu pa- 
rallelo ferri interea dum angulus ABC circa polum 

B rotatur. 5 : 

Deſcribi etiam poſſunt hæ curve paulo aliter per 
Theorema tertium, ſed deſcriptionem ſimpliciorem 
poſuiſſe ſufficit. „55 

Eadem methodo Curvas tertii, quarti & ſuperio- 
rum generum deſcribere licet, non omnes quidem 
ſed quotquot ratione aliqua commoda per motum 
localem deſcribi poſſunt. Nam curvam aliquam 


ſecundi 
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ſecundi vel ſuperioris generis punctum duplex non 
habentzm commode deſcribere Problema eſt inter 
difficiliora numerandum. l 

Curvarum uſus in Geometria eſt ut per earum XXXIV. 
interſectiones Problemata ſolvantur. Proponatur ,, 6 


ſe : ationum per de- 
æquatio conſtruenda dimenſionum novem x9*-| b x7 ſeriptionem Cur- 


Tex d&Texttt x gxxThxk=0. Ubi“““ 
Am SEEDS! 
b, c, d, Oc. ſignificant quantitates quaſvis datas 
fignis ſuis + & = affectas. Aſſumatur æquatio ad 
Parabolam cubicam x*=y, & æquatio prior, ſcri- 
bendo y pro x, evadet y'+-bxyy-F cyy+dxxy 
—exy+my+fxÞgxx--hx-k=0, æquatio ad 
Curvam aliam ſecundi generis. Ubi m vel f deeſſe 
poteſt vel pro lubitu 2 Et per harum Curva- | 
rum deſcriptiones & interſectiones dabuntur radices 
æquationis conſtruendæ. Parabolam cubicam ſemel 
deſcribere ſufficit. 77 2 
Si æquatio conſtruenda per defectum duorum ter- 
minorum ultimorum hx & K reducatur ad ſeptem 
dimenſiones, Curva altera delendo m, habebit pun- | 
&um duplex in principio abſciſſæ, & inde facile de- 1 
{crib1 poteſt ut ſupra. 3 1 1 
Si æquatio conſtruenda per defectum termino- 
rum trium ultimorum gx x hx K reducatur ad 
ſex dimenſiones, Curva altera delendo f evadet 
ene, 4 1 
Et ſi per defectum ſex ultimorum terminorum 
æquatio conſtruenda reducatur ad tres dimenſiones, 
incidetur in conſtructionem Malliſianam per Para- 
bolam cubicam & lineam rectam. 


Ly Con- 


[162] 

Conſtrui etiam poſſunt æquationes per Hyperbo- 
liſmum Parabolæ cum diametro. Ut ſi conſtruenda 
ſit hæc æquatio dimenſionum novem termino penul- 
timo carens, a cxx+dxi-ex'Ttx Þg x%-|-hx 


kN NIV o; aſſumatur æquatio ad Hyperboliſ- 
mum illum xxy I, & ſcribendo y pro , æquatio 
conſtruenda vertetur in hanc ay c vy d xyy ey 
FfxyYmXXVYNHRThXTKXX HIN = o, quæ cur- 
vam ſecundi generis deſignat cujus deſcriptione 
Problema ſolvetur. Et quantitatum m ac g alter- 
utra hic deeſſe poteſt, vel pro lubitu aſſumi. 

Per Parabolam cubicam & Curvas tertii generis 
conſtruuntur etiam æquationes omnes dimenſionum 
non pluſquam duodecim, & per eandem Parabolam 
& curvas quarti generis conſtruuntur omnes dimen- 
ſionum non pluſquam quindecim, Et fic deinceps in 

infinitum. Et curvæ illæ tertii quarti & ſuperiorum 
generum deſcribi ſemper poſſunt inveniendo eorum 
puncta per Geometriam planam. Ut ſi conſtruenda 
fit æquatio & * ax by CX dex fx. 
+Fgx*'+hw+ixx+kx+l=o, & deſcripta 
habeatur Parabola Cubica; ſit æquatio ad Pa- 
rabolam illam cubicam * = y, & ſcribendo y 
pro x #quatio conſtruenda vertetur in hanc 
y« Faxy +cxxyy -+Hixxy +ixx=0, quæ eſt 
JJ 

| 7 h JI 1 
æquatio ad Curvam tertii generis cujus deſcriptione 
Problema ſolvetur. Deſcribi autem poteſt hæc Curva 
inveniendo ejus puncta per Geometriam planam, prop- 
terea quod indeterminata quantitas x non niſi ad 
duas dimenſiones aſcendit. 
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Curvarum 


ratura 


Quad 


Uantitates Mathematicas non ut ex partibus 
quam minimis conſtantes, ſed ut motu conti- 
A nuo deſcriptas hic conſidero. Lineæ deſcri- 
buntur ac deſcribendo generantur non per appoſi- 
tionem partium ſed per motum continuum puncto- 
rum, ſuperficies per motum linearum, ſolida per 
motum ſuperficierum, anguli per rotationem late- 
rum, tempora per fluxum continuum, & fic in cæ- 
teris. Hæ Geneſes in rerum natura locum vere ha- 
bent & in motu corporum quotidie cernuntur. Et 
ad hunc modum Veteres ducendo rectas mobiles in 
longitudinem rectarum immobilium geneſin docue- 
runt rectangulorum. 5 
Conſiderando igitur quod quantitates æqualibus 
temporibus creſcentes & creſcendo genitæ, pro velo- 
citate majori vel minori qua creſcunt ac generantur, 
evadunt majores vel minores; methodum e. | 
| eter - 


[1661 


determinandi quantitates ex velocitalibus motuum 


vel incrementorum quibus generantur; & has mo- 
tuum vel incrementorum velocitates nominando Flu- 
zones & quantitates genitas nominando Fluentes, in- 
cidr paulatim Amy 1665 & 1666 in Methodum Flu- 
xionum qua hic uſus ſum in Quadratura Curvarum. 

Fluxiones ſunt quam proxime ut Fluentium aug- 


. menta #qualibus temporis particulis quam minimis 


genita, & ut accurate Joquar,/ſunt in prima ratione 
augmentorum naſcentium; expeni autem poſſtint per 


lineas quaſcunq; que ſunt ipſis proportionales. Ut 


ſi areæ ABC, ABDG Ordinatis BC, BD ſuper 
baſi A B uniformi cum motu progredientibus deſcri- 


bantur, harum arearum fluxiones erunt inter ſe ut 


Ordinate deſcribentes B C & BD, & per Ordinatas. 


illas exponi poſſunt, propterea quod rdinatæ ille 


ſunt ut arearum augmenta naſcentia. Progre- 


diatur þ dats BC de loco ſuo BC 1 in locum. 


quemvis novum bc. Compleatur rallelogram- 


mum'BCEb, ac ducatur recta V TH que Cur- 
vam tangat in C ipſiſq; be & BA productis occur- 
rat in & V: & Abſcifle AB, Ordinatæ BC, & 


Line Curve ACc augmenta modo genita erunt 
Bb, Ec & Ce; & in horum au orum nafcen- 
tium ratione prima ſunt latera trianguli CET, ideoq; 


fluxiones ipſarum AB, BC & AC junt ut trianguli 
illius CET latera CE, ET&CT & per eadem 


latera exponi poſſunt, vel quod perinde / eſt per! la- 


:tera trianguli conſimilis VBC. 


Eodem recidit fi ſumantur fluxiones in ultima 
ratione partium evaneſcentium. Agatur recta Cc 
& * eadem ad K. Redeat Orlingta be 


in 


[167] 


in locum ſuum priorem B C, & 9 un&is 
C & c, rea CK coincidet cum tangente CH, & 


triangulum evaneſcens CEc in ultima ſua forma 
evadet ſimile triangulo CET, & ejus latera evaneſ- 
centia CE, Ec & Cc erunt ultimo inter ſe ut ſunt 
trianguli alterius CE T latera CE, ET & CT, & 

ropterea in hac ratione ſunt fluxiones linearum A, 
BC& AC. St puncta C & c parvo quovis inter- 

vallo ab invicem diſtant rea CK parvo intervallo a 
tangente CH diſtabit. Ut rea CK cum tangente 
CH coincidat & rationes ultimæ linearum CE, Ec & 
Cc inveniantur, debent puncta C & c coire & om- 
nino coincidere. Errores quam minimi in rebus 
mathematicis non ſunt contemnendi. 
Simili argumento fi circulus centro B radio B 
deſcriptus in longitudinem Abſciſſæ AB ad angulos- 
rectos uniformi cum motu ducatur, fluxio ſolidi ge- 
niti ABC erit ut circulus ille generans, & fluxio ſu- 
perficiei ejus erit ut perimeter Circuli illius & 
fluxio lineæ curvz A C conjunctim. Nam quo tem- 
pore ſolidum ABC generatur ducendo circulum 
illum in longitudinem Abſciſſæ A B, eodem ſuper- 
ficies ejus generatur ducendo perimetrum circuli il- 
lius in longitudinem Curve AC. N 


Recta P circa ng datum P revolvens ſecet aliam F "EP 


poſitione datam rectam AB : queritur proportio fluxto- 
num redarum illarum AB VPB. Progrediatur 
recta PB de loco ſuo PB in locum novum Pb. In 
Pb capiatur PC ipſi PB æqualis, & ad AB ducatur 
PD. fic, ut angulus b D æqualis fit angulo bB C; 
& ob fimilitudinem triangulorum bB C, b D erit 
augmentum Bb ad augmentum Cb ut Pb 5 Loa 

edeat 


— we as * 
— — — — 
— — Ow _ 
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Redeat jum Pb in locum ſuum priorem PB ut aug- 
menta illa evaneſcant, & evaneſcentium ratio ulti- 


ma, id eſt ratio ultima Pb ad Db, ea erit quæ eft 


PB ad DB, exiſtente angulo PDB recto, & prop- 


terea in hac ratione eſt fluxio ipſius A B ad fluxionem 
ipſius PB. e N 

Recta PB circa datum Polum P revolvens ſecet 
alias duas poſitione datas rectas AB AE in 3 


E: queritur proportio fluxiomm rectus um illarum 


AB © AE. Progrediatur rea revolvens PB de 
loco ſuo PB in locum novum P b rectas AB, AE in 
punctis b & e ſecantem, & rectæ A E parallela BC 
ducatur ipſi Pb occurrens in C, & erit Bb ad B Cut 
Ab ad Ae, & BC ad Ee ut P Bad PE, & conjunctis 


d ad Kent: e at: . 


Redeat jam linea Pb in locum ſuum priorem PB, & 
augmentum evaneſcens Bb erit ad augmentum eva- 


neſcens Ee ut A B B ad AEP E, ideoq; in 


hac ratione eſt fluxio rectæ AB ad fluxionem rectæ 


Hinc ſi recta revolvens PB lineas quaſvis Curvas 


poſitione datas ſecet in punctis B & E, & rectæ jam 


mobiles AB, AE Curvas illas tangant in Sectionum 
punctis B & E: erit fluxio Curve quam recta, AB 


_ tangit ad fluxionem Curvæ quam rea AE tangit | 


ut ABP B ad AEP E. Id quod etiam eveniet 


i recta PB Curvam aliquam poſitione datam perpe- 


tuo tangat in puncto mobili P. 

Fluat quantitas x uniformiter © invenienda fit fluxio 
quantitatis xn. Quo tempore quantitas x fluendo 
evadit x fo, quantitas x evadet Xn, id eſt 
per methodum ſerierum infinitarum, x*-| ON 


Þ+ 


. 3 
Y oO . Et augmenta o & nox*'+222g0x% 
c. ſunt ad invicem ut 1 & nx**--==0x*24- He. 


Evaneſcant jam augmenta illa, & eorum ratio 


ultima erit 1 ad nx** : ideoq; fluxio quantitatis 
x eſt ad fluxionem quantitatis W ut f ad n * .. 
Similibus argumentis per methodum rationum 
primarum & ultimarum colligi poſſunt fluxiones li- 
nearum ſeu rectarum ſeu curvarum in caſibus qui- 
buſcunque, ut & fluxiones ſuperficierum, angulo- 
rum & aliarum quantitatum. In finitis autem quan- 
titatibus A540 fn fic inſtituere, & ſinitarum naſcen- 
tium vel evaneſcentium rationes primas vel ultimas 
inveſtigare, conſonum eſt Geometriæ Veterum: & 
volui oſtendere quod in Methodo Fluxionum non 
opus fit figuras infinite parvas in Geometriam intro- 
ducere. Peragi tamen poteſt Analyfis in figuris qui- 
buſcunq; ſeu finitis ſeu infinite parvis quæ figuris 
evaneſcentibus finguntur ſimiles, ut & in figuris quæ 
pro infinite parvis haberi ſolent, modo caute pro- 
CC 3 
Ex Fluxionibus invenire Fluentes Problema dif- 
ficilius eſt, & ſolutionis primus gradus æquipollet 
Quadraturæ Curvarum; de qua ſequentia olim 


feripſi. 
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| Quadratura Curvarum, 


Uantitates indeterminatas ut motu perpetuo 

creſcentes vel decreſcentes, id eſt ut fluen- 
tes vel defluentes in ſequentibus conſidero ,defignoq; 
literis 2z, y, * v, & earum fluxiones ſeu celeritates 


* . . * 


ereſcendi noto iiſdem literis punctatis 2, y, x, v. 
Sunt & harum fluxionum fluxiones ſeu mutationes 
magis aut minus celeres quas ipſarum 2z, y; x, v 

fluxiones ſecundas nominare licet & fic dignare 


25 Y, X. v, & harum fluxiones Primas ſeu ipſarum 


25 5 5 V fluxiones tertias ſic 25 5 * v, 8 quartas f ſic 
25 y, x. v. Et quemadmodum 25 55 x, v ſunt flu- 
xiones quantitatum 2 y, X, v, & he ſunt fluxiones 


quantitatum 2 l v & hz ſunt fluxiones quantita- 


tum primarum 2, y, x, V: fic he quantitates conſide- 
rari poſſunt ut fluxiones aliarum quas fic defi — 


25 


11 16. i 


Z, Ys x, v, & hæ ut fluxiones aliarum 2, V x, V, & 


hæ ut fluxiones aliarum 2, y, 55 v. Deſignant igitur 
| 2, 2 2, 25 25 2, 2 : He. ſeriem quantitatum quarum 
quælibet poſterior eſt fluxio præcedentis & quælibet 


Prior eſt fluens quantitas fluxionem habens ſubſe- 


47 


en Similis eſt ſeries V,. ebe 9 42 —22, 


Va a2—2z, 7 aZ—Zz , 4 az —22, 2 az —22, ut 8 
a2 E. 42-25 az 1-22 — e 


ſeries dan eee en e Ae ene = 
ee AZ E a—2 a—2 
2 
3 md en quod quantitas quælibet 
2—2 


prior in his ſeriebus eſt ut area figuræ curviliniæ 
cujus ordinatim applicata rectangula eſt quantitas 


poſterior & abſciſſa eſt z : uti // a2 —22 area curve 


cujus ordinata eft 2 42 —22 & abſciſſa 2. Quo au- 


tem ſpectant hæc omnia patebit in Propofitionibus 
quæ ſequuntur. 


. PROP. 


[172] 


'c! PROP. ROB I 


Data equatione quotcunq; fluentes quaniitates invol- 
vente, invenire fluoctione.. *» 


Multiplicetur omnis. æquationis terminus per in- 
dicem dignitatis quantitatis cujuſq; fluentis quam 
involvit, & in ſingulis multiplicationibus mutetur 
dignitatis latus in fluxionem fuam, & aggrega- 
tum factorum omnium ſub propriis fignis erit 
J 


12 * * 9 * i - 4 . 
. * » 
5 * = 1 3 11 4 ; b ' pb 
= : of ” & * 3 A ; 0 of $ : , 5 £50 * 4 « % 7 » * 


Sunto a, b, c, d Hc. quantitates determinate & 
immutabiles, & proponatur æquatio quævis quan- 

titates fluentes 2, y, x Vc. involvens, uti x? —xy y 
Taaz — bo. Mufti plicentur termint primo per 
indices dignitatum x, & in fingulis multiplicationi- 
bus pro dignitatis latere, ſeu x unius dimenfionis, 


ſcribatur x,& ſumma ſaQorumerit 3 xX —X yy.ldem 
hat in y & prodibit— x yy. Idem fiat in 2 & pro- 
dibit a2z. Ponatur ſumma factorum æqualis ni- 
hilo, & habebitur æquatio 3 xX — X yy — xy y 


-aaz=0. Dico quod hac æquatione definitur re- 
latio fluxionum. e 
De- | 


[173] 


Demonſtratio. 


Nam ft 0 e admodum . & ſunto 


crementa momentanea 8 Et ſi quantita- 
tes fluentes } Jam ſunt z, y & * hæ poſt momentum 


temporis incrementis ſuis 02, oy, ox auctæ, evadent 


2 To, yy, XIox, quæ in æquatione prima pro 
25 5 & X ſeriptæ dant æquationem X3 + N 0x 
+ 3100 ＋ oö ANN — oxyy N — 2x00Y 
—x009y—x0*yy-\-aa2--a202—b3 = 0. Subducatur 


zquatio prior, & reſiduum diviſum per 0 erit JXX2 


* 3 LXOL -+-x300 — 5 — 257 xo 3 Ko —x00yy 
--aaz=o. Minuatur quantitas o in inſinitum, & neg⸗ 
lectis terminis evaneſcentibus reſtabit 2xx* —xyy 


— XYY +aaz=0. Q. E. D. 
Explicatio plenior. 


Ad eundem modum fi æquatio eſſet * 7 


Jaa Va ax—) yy—b3 = =0, produceretur * yy 
—zxyy aaf ax—yy =o. Ubi fi fluxionem / ax yy 


tollere velis, pone V axð yy 2, & exit ax—yy = z 


[174] 


& (per hanc rope) ax! 77 ſeu 


— 299 265 hoc eſt * 8 = 1. y Et 


ws Sb ax—)) y 
3x— 
inde 3X eee [= - 2 7 
Vary 


Et per operationem repetitam pergitur ad fluxio- 
nes ſecundas, tertias & ſequentes. Sit æquatio 
zy —24-|-a4= o, & fiet per operationem primam 


25-3255 A 0 5 per ſecundam zy34-bzyy? 
+3zy 1 Ney y —4223—1 2222 = o, per tertiam 


zy? 2 gzyy* + 9zyys + 18225 + 327 * 


2 3 22 . 


Ubi vero ſic pergitur ad Wines ſecundas, ter- 
tias & ſequentes, convenit quantitatem aliquam ut 
uniformiter fluentem conſiderare, & pro ejus fluxione 
prima unitatem ſcribere, pro ſecunda vero & ſe- 
quentibus nihil. Sit æquatio 2) — 21 al o, ut 
ſupra; & fluat 2 uniformiter, ſitq; ejus fluxio unitas, 


& fiet per operationem primam 5 1-3zyy* —423 =0, 
per ſecundam 6yy? + 3zyy* + by? y— 122? = 0, 


per tertiam oyy*+18y1yd-3zyy* * 18zyyy 762 3 


—242z 0. 


In 


7s) 

In hujus autem generis æquationibus concipien- 
dum eſt quod fluxiones in ſingulis terminis ſint ejuſ- 
dem ordinis, id eſt vel omnes primi ordinis y, 2, 
vel omnes ſecundi y, y?, yz, z?, vel omnes tertii 
V, VV) YZ, Y VZ, yz? 2 &c. Et ubi res aliter ſe 
habet complendus eſt ordo per ſubintellectas fluxio- 
nes quantitatis uniformiter fluentis. Sic æquatio 
noviſſima complendo ordinem tertium fit 9Zyy* 


18zy*y-.-3zyy*+18zyyy\:62y—24772 = 0. 


PROP. H. PROB. II. 


Invenire Cur vas que quadrari poſſunt. 


Sit ABC figura invenienda, BC Ordinatim ap- Fig. 4. 


plicata rectangula, & AB abſciſſa. Producatur 
CB ad E ut fit BE=1, & compleatur parallelo- 
grammum ABE D: & arearum ABC, ABE 
fluxiones erunt ut BC & BE. Aſſumatur igitur 
æquatio quævis qua relatio arearum definiatur, & 
inde dabitur relatio ordinatarum BC & BE per 


Prop. I. Q. E. I. 


Hujus rei exempla habentur in Propoſitionibus 
duabus ſequentibus. 


PROP. 


0176] 
PROP. III. THEOR. I. 


Si pro abſciſſa AB & area AE ſeu ABN I pro- 
miſcue ſcribatur z, & fi pro e fi +gz* hZZ, P &c. 
ſcribatur R: fit autem area Curve zR' erit. 
ordinatim applicata BC 


* 


e 1 f. fl T Tl, hau. + &c. in 2 R. 


Demonſtratio. 


Nam i fit RN, erit per Prop. 1, R 


IRR v. Pro R. in primo æquationis ter- 
mino & 2 in ſecundo ſcribe RR” & zl, & fiet 
RUR in 2 R. v. Erat autem R= e ＋f e. 
gz hz &c. & inde per Prop. 1. fit R = 
furt ＋ gaz + ham -- &c. quibus ſubſtitu- 
tis & ſcripta BE ſeu 1 pro 2, fet 
OLIVE Y &C. in al R. =v=BC. 
— i RO 2 5 


PROP. 


[ 177 ] 
PROP. IV. THEOR. II. 


Si Curve abſciſſa AB fit z, & fi pro e f gzv 
Y &c. ſcribatur R, & pro k m &c. ſcri- 
batur 8; fit autem area Curve 20 R Ss ; erit or- 
dinatim applicata B C . 


| | - = ya Wa: 65-5. IS 
er Re Tg of + 
+ elz 15 fl z 15 _—— in 2-1Ra1Q4n 
1 * | | 
. 727 | 31 0 
REY 8 os _ La, BIZ” 
-|-2fuy 2 


Demonſtratur ad modum Propofitionis ſuperioris. 


T ST rt ECTS. "SY 


PRO P. V. THEOR. III. 


Si Curvæ abſciſſa AB fit 2, & pro e far -gz2* 
-+ hz23" &c. ſcribatur R: fit autem ordinatim ap- | 
plicata 2. R in a bv cz +dz?-+ &c. & po- | 


natur r. Hs. st. t+a=v.&c. erit area 


„ c f B- tgA 1 98 7 
20R | in a * 3 1 —1 N 8 xr EE DfCigB may | 
Te ie 1 2 2, e | | | Fe . N x 
TV : was FH, 
+ 2 ==» Kc. Ubi A, B, C, D, &c. 
7 4, e | | 


Azz. denotant 


4958] 
denotant totas coefficientes datas terminorum ſingu- 
lorum in ſerie cum ſignis ſuis-|-&—,nempe A primi 
termini coefficientem 22 B ſecundt coefficientem 
IM —tgA 


zh SA 1 3 . © . 
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ſic deinceps. 
Demonſtratio. 


Sonto juxta Propoſitionem tertiam, 


Curvarum Ordinatz, | | & earundem areæ. 


I. teA AfA AA 1H Az,&c. J.,. A R. 


222 EB 


＋2 An 


f B A 1+HHoBz0&c. | 2 Bzgt" R. 


AN [ 7 7E-1RaT * 
3 0 , : » , ; 4 - 1 TDT, CZ C=. Kc. | ; C9421 Ra. 
; 4 . . 50:0 0.60 Ü © © © & %< © *+H-3neDz3"&c. * DzJ-3" R“. 


Et ſi ſumma ordinatarum ponatur æqualis ordi- 
nate a- hu - CZ ο,νjiQ- &c. in 2. Ri, ſumma 
arearum z R in ABN Ci -D &c. æqua- 
lis erit arex Curvæ cujus iſta eſt ordinata. Aquen- 
tur igitur Ordinatarum termini correſpondentes, & 


| Het a eRA, b fA he B, c= Af B 


F An 
> — bj fA 
Iced Kc. & inde b A. PE =B, 
8 ; FN 


C _ = A Tf B N : 
— —9 1 2 C. Et fic deinceps in infi- 


nitum 


- —__  - 

nitum. Pone jam f = r. rA =S. SH t &c. & 
in area R ABC - DZ &c. ſcribe ip- 
ſorum A, B, C, &c. valores inventos & prodibit 
ſeries propoſita. Q. E. DP). 5 

Et notandum eſt quod Ordinata omnis duobus 
modis iu ſeriem reſolvitur. Nam index ” vel affir- 
mativus eſt poteſt vel negativus. Proponatur Ordi- 


3 k—lzz_ | | * 12 
nata ft Hzc vel fic ſeribi poteſt 


1—ix3k—lzpxk—1zz-mz3/t, vel fic 2x ZK 
xm—1z”"-|-kz7,—. In caſu priore eſt a= zk. bo. 
c= Al. E= K. f —0. 8 —], h=m. -;. Al. 


61 ===. - r. S =I. t=—. v=0. In 
poſteriore eſt a ——l. b=—o. S e=m. fl. 


1 


8 0. h==T ; -. 1==—], - II. j=2, r —2. 
S = -Iz. t-. v==—, Tentandus eſt caſus uter- 
que. Et ſi ſerierum alterutra ob terminos tandem 


deficientes abrumpitur ac terminatur, habebitur area 


Curvæ in terminis finitis. Sic in exempli hujus 


priore caſu ſcribendo in ſerie valores ipſorum a, b, 


c, e, f,g, h. >, 6, r, $, t, v, termini omnes poſt pri- 
mum evaneſcunt in infinitum & area Curve prodit 
—2/ Et hec area ob ſignum negativum 
adjacet abſciſſæ ultra ordinatam produce. Nam 
area omnis affirmativa adjacet tam abſciſſæ quam 
ordinate, negativa vero cadit ad contrarias par- 
tes ordinate & adjacet abſciſſæ produce, manente 
ſcilicet ſigno Ordinate. Hoc modo ſeries alter- 
utra & nonnunquam utraque ſemper terminatur 
& finita evadit ſi Curva geometrice quadrari po- 
teſt. At ſi Curva talem quadraturam non admit- 
tit, ſeries utraq; continuabitur in infinitum, & ea- 

Aaa 2 rum 
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rum altera-converget & aream dabit approximando, 
præterquam ubi r ( propter aream infinitam ) vel 
nthil eſt vel numerus integer & negativus, vel ubi - 
æqualis eſt unitati. S1 7 minor eſt unitate, conver- 
get ſeries in qua index, affirmativus eſt: fin 2 unita 
te major eſt, converget ſeries altera. In uno caſu 
area adjacet abſcille ad uſqʒ ordinatam ductæ, in 
altero ad jacet abſciſſæ ultra ordinatam productæ. 
Nota inſuper quod ſi Ordinata contentum eſt ſub 
factore rationali Q & factore ſurdo irreducibili R-, 
& factoris ſurdi latus R non dividit factorem ratio- 
nalem Q; erit -i & RHπ] R. Sin factoris ſur- 
di latus R dividit factorem rationalem ſemel, erit 
IN & RN] RI: fi dividit bis, erit 
Ir 2 & RN] R: fi ter, erit =1==7-|-3, 
& R.π. RNZ: & ſic deinceps. * 
Si Ordinata eſt fractio rationalis irreducibilis cum 
 Denominatore ex duobus vel pluribus terminis com- 
poſito: reſolvendus eſt denominator in diviſores 
ſuos omnes primos. Et ft diviſor fit aliquis cui 
nullus alius eſt æqualis, Curva quadrari nequit: 
Sin duo vel plures fint diviſores æquales, rejicien- 
dus eſt eorum unus, & ſi adhuc alii duo vel plures 
ſint ſibi mutuo æquales & prioribus inæquales, re- 
jiciendus eſt etiam eorum unus, & ſic in aliis omni- 
bus æqualibus ſi adhuc plures ſint: deinde diviſor 
qui relinquitur vel contentum ſub diviſoribus omni- 
bus qui relinquuntur, fi plures ſunt, ponendum eſt 
pro R, & ejus quadrati reciprocum R pro R, præ- 
terquam ubi contentum illud eſt quadratum vel cu- 
bus vel quadrato quadratum, &c. quo caſu ejus latus 
125 ponen- 
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ponendum eſt pro R & poteſtatis index 2 vel 3 vel 4 
negative ſumptus pro a. & Ordinata ad denomina- 
torem R vel R vel R* vel R Kc. reducenda. 


1 Ut f ordinata fit 2g 8s ; : quoniam hc 
fractio irreducibilis eſt & denominatoris diviſores 
ſunt pares, nempe z—1, Z—I, Z—I & z, 
2-25 rejicio magnitudinis utriuſque diviſorem 
unum & reliquorum z—1, 2—1, 22 conten- 
tum 2—32Z C pono pro R & ejus quadrati re- 
ciprocum N ſeu R pro R*—. Dein Ordina- 


tam ad denominatorem R* ſeu R reduco, & fit 


Z*— 974-\-873 pol 
en WW 
Et inde eſt a 28. b 9. CO. d =--, &c. 
e=2, faz. go. h=1. —1 = 2. „. 
„=I. g=I=2. 4 r. $=3. t= 2. v=1. Et his 
in ſerie ſcriptis prodit area 22725 terminis om- 
nibus in tota ſerie poſt primum evaneſcentibus. 


Si deniq; Ordinata eſt fractio irreducibilis & ejus 
denominator contentum eſt ſub factore rationali 
& factore ſurdo irreducibili R-, inveniendi ſunt la- 
teris R divifores omnes primi, & rejiciendus eſt di- 
viſor unus magnitudinis cujuſq; & per diviſores 
qui reſtant, ſiqui ſint, multiplicandus eſt factor 
rationalis Q: & fi factum æquale eſt later! R vel 
lateris illius poteſtati alicui cujus index eſt numerus 
integer, eſto index ille m, & erit 1 = m, & 
R= Rn. Ut ſi Ordinata fit? . 1 a ee, 
qq xx /cub. q RX 
quoniam 


quoniam factoris ſurdi latus R ſeu q3--qqz=qzx=x3 
diviſores habet q x, q x, ¶ÆA qui duarum ſunt 
magnitudinum, rejicio diviſorem unum magnitudi- 
nis utriuſq; & per diviſorem q x qui relinquitur 
multiplico factorem rationalem qq xx. Et quo- 
niam factum qz+qqxz—qxx—x3 zquale eſt la- 
teri R,pono m=1. & inde, cum = fit ;, fit - 12. 
Ordinatam igitur reduco ad denominatorem Ra 
& fit Ze x 3ë 2q*x18q! xx\-8q/&*—79qx" — 6qx* 
Xx q = NE. Unde eſt a= 34*. b= 297 &c. 
E= g. f= qqq &c. . I=. \=—x 1 1. 
$=2, t. v=o. Et his in ſerie ſcriptis prodit 
5 4d CX 7 


— 


Area terminis omnibus in ſerie tota 
| Vcub. a3-|aaX—AxX—x3) | | 
poſt tertium evaneſcentibus. 


PROP. VI. THEOR IV. 


Si Curve abſciſſa AB ſit z, & ſcribantur R pro 
ef Eg h &c. & S pro k + Iz þmz# 
- nz" &c. fit autem ordinatim applicata 2. R S 
in a by --c22 \-dz3! Nc. & ſi terminorum, e, f, 


g, h, &c. & k, 1, m, n. &c. rectangula ſint. 


ek fk gk hk &c. 
C 
em fm gm hm &. 
en fn. gu ba Kc. 
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Et fi rectangulorum illorum coefficientes nume- 
rales fint reſpective 


„r. raus. s A= t. t=. &c. 
r+«=s. +p=t. t= V. vlp=w.&c. 
8 ＋ 2 : t V. V-\-# W. W = X. GC. 


t= = V. vA W. W-|-& = X. XA V. CC. 


area Curve erit hæc 
| | —tgk 


23 4 fk. 1. s , fk —t'fl A 
Tn 9. VelA e 10 1 B te * | 
rek HI, ek iT2,ck : 
3 n 
t 1 gk FED © 81 
4 ＋ 2, EC —t-|-1,f1 B “fm 
el —t Hem” en | 
+ — —— 230 a &c. 


Ubi. A denotat termini primi coefficientem datam 
T | | | | 6 
cum ſigno ſuo -|- vel —, B coefficientem datam- 


* 
ſecundi, C coefficientem datam tertii, & ſic deinceps. 
Terminorum vero, a, b, c, &c. k, I, m, &c. unus 
vel plures deeſſe poſſunt. Demonſtratur Propoſit io 
ad modum præcedentis, & quæ ibi notantur hic ob- 
tinent. Pergit autem ſeries talium Propoſitionum in 


infinitum, & Progreſſio ſeriei manifeſta eſt. 


0 f PRO P. 


2 - * - = 
— 9 * nat, 
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PROP. VII. THEOR: V. 


Si pro e fag &c. ſcribatur R ut ſupra, & 


in Curvæ alicujus Ordinata 20. Rar maneant 
quantitates datæ 6, n, >, e, f, g, &c. & pro o ac = ſcri- 


bantur ſucceſſive numer! quicunq; integri : & fi 


detur area unius ex Curvis quæ per Ordinatas in- 
numeras fic prodeuntes deſignantur ft Ordinatæ ſunt 
duorum nominum in vinculo radicis, vel fi dentur 
arex duarum ex Curvis fi Ordinatæ ſunt trium no- 
minum in vinculo radicis, vel arez trium ex Curvis 
ſi Ordinatz ſunt quatuor nominum in vinculo radi- 
cis, & ſic deinceps in infinitum : dico quod dabun- 
tur arex curvarum omnium. Pro nominibus hic 
habeo terminos omnes in vinculo radicis tam de- 
ficientes quam plenos quorum indices dignitatum 


ſunt in progreſſione arithmetica. Sic ordinata 


Vai—ax3 + x+ ob terminos duos inter a* & —ax3 


deficientes pro quinquinomio haberi debet. At 


Va*-\-x+ binomium eſt & V . NX —15. trinonium, 
cum progreſſio jam per majores differentias proce- 


dat. Propoſitio vero ſic demonſtratur. 


„ 


Sunto Curvarum duarum Ordinatæ pz#: R & 
qz/ i Rn, &arex pA & qB, exiſtente R quanti- 


tate trium nominum ef- gz. Et cum per 


Prop. 


Prop. III. fit 2%R* area curve cujus Ocdinata eſt 
ef g2% in 2. R., ſubduc Ordinatas & areas 
priores de area & Ordinata poſteriori, & manebit 


ge -Þ0 -H 211n ZN RN ' 
” F210; gain 2 Ordinata nova Curvæ, & 


— i F780 N 
R- pA -B ejuſdem area. Pone e=p & 
vf-j-»f ='q & Ordinata evadet % 822 in UR, & 
area 2 R—eA-—ef Bf B. Divide utramq; per 
0g-\-*mg, & aream prodeuntem dic C, & aſſumpta 
utcung; r, erit r C area Curve cujus Ordinata eſt 
rz HrtRπ. Et qua ratione ex areis pA & qB 
aream rC Ordinatæ rz R** congruentem inve- 
nimus, licebit ex areis qB & rC aream quartam 
puta sD, ordinate sz. R congruentem 1nvenire, 
& fic deinceps in infinitum. Et par eſt ratio pro- 
greſſionis ab areis B & A in partem contrariam 
pergentis. Si terminorum o, ,-, & aliquis de- 
ficit & ſeriem abrumpit, aſſumatur area pA in prin- 
cipio progreſſionis unius & area qB in principio al- 
terius, & ex his duabus areis dabuntur areæ omnes 
in progreſſione utraque. Et contra, ex aliis duabus 
areis aſſumptis fit regreſſus per analyſin ad areas A 
& B, adeo ut ex duabus datis cæteræ omnes den- 
tur. Q. E. O. Hic eſt caſus Curvarum ubi ipſius z 
index augetur vel diminuitur perpetua additione vel 
ſubductione quantitatis . Caſus alter eſt Curva- 
rum ubi index * augetur vel diminuitur unitatibus. 


Bbb cas. 


bse) 


C48. II. 


Ordinate abs R & dt-R., quiibiis a areæ pA 
& qB jam refpondeant; fi in Riſeu ef gz du- 
canttfe ae deinde ad R viciſſim applicentur, eva- 
dunt pe + pf . pgze x 2 & qe + qfzz 
Eg X MR. Et per Prop. III. eſt az. 
atea Curvæ cujus Ordindta eſt ae 7 afz v age 
in 2#R*i, & bz area Gn cujus ofdiriata 


elt Laber; e es in RN. Et harum qua- 


tuor arearum ſumma eſt pA CAB a bν 
& 3 25 reſpondentium ordinatarum 


ae , afz· age, + bg" in A . 


+2 
7 be F bf fa 
EO en 
| 1 D 
+qe + gf 


Si terminus primus tertius & quartus ponantur e- 
orfim æquales nihilo, per primum fiet 8ae-|-pe= o 
ſeu 4 p, per quartum —db —»b— 2b =q, & per 

tertium (eliminando p & 9) = b. Unde ſecundus 


ff 
11 —— ,adeoq; ſumma quatuor Ordinatarumeſt 


fe 
—5 Ee gba! & ſumma totidem reſpondentium 


aitaruin eſt a2 RQ f Riva — Lag. 
. Divi- 
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Dividantur hæ ſummæ per == & ſi Quotum 
poſterius dicatur D, erit D area curve cujus ordi- 
nata eſt Quotum prius R.. Et eadem ratione 
ponendo omnes Ordinatæ terminos præter primum 
æqua les nihilo poteſt area Curve inveniri cujus Or- 
dinata eſt 2. R... Dicatur area iſta C, & qua ra- 
tione ex areis A & B inventæ ſunt areæ C ac D, ex 
his areis C ac D inveniri poſſunt aliæ duæ E & F 
ordinatis 2. R & Alf Res congruentes, & fic de- 
inceps in infinitum. Et per analyſin contrariam 


— o 


regredi licet ab areis E& F ad areas CacD, & 
inde ad areas A & B, aliaſq; quæ in progreſſione ſe- 
quuntur. Igitur fi index * perpetua unitatum ad- 
ditione vel ſubductione augeatur vel minuatur, & 
ex areis quæ Ordinatis ſic prodeuntibus reſpondent 
duæ ſimpliciſſimæ habentur; dantur aliæ omnes in 


infinitum. Q. E. O. e 


C AS. III. 


Et per caſus hoſce duos gy! ee ſi tam in- 
dex q ꝓperpetua additione vel ſubductione 1pfius.”, 
quam index > perpetua additione vel ſubductione 
unitatis, utcunq; augeatur vel minuatur, dabuntur 
areæ ſingulis prodeuntibus Ordinatis reſpondentes. 


Q. E. O. 


. 


B bb CAS. 
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4 Pp as 1 . 
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Et ſimili augmento ſi ordinata conſtat ex qua- 
tuor nominibus in vinculo radicali & dantur tres 
arearum, vel fi conſtat ex quinq; nominibus & 
dantur quatuor arearum, & ſic deinceps: dabun- 
tur areæ omnes quæ addendo vel ſubducendo nume- 
rum » indici i vel unitatem indici > generar! poſſunt. 
Et par eſt ratio Curvarum ubi ordinatz ex binomits 

conflantur, & area una earum quæ non ſunt geome- 


tr ice quadrabiles datur. Q. E. O. | 
++ PROP. VII. THEOR. VI. 


Si pro ef g & c. & k + 12 mν & c. 
ſcribantur R & S ut ſupra, & in Curve alicujus Or- 
dinata 2 RA Sue maneant quantitates date 8, 
5 „% e, f, g, k, h m, &c. & pros, =, & v, ſcri- 
bantur ſucceſſive numer! quicunq; integri: & fi 

dentur areæ duarum ex curvis que per ordinatas 
_ tic prodeuntes deſignantur fi quantitates R& S ſunt 
binomia, vel ſi dentur areæ trium ex curvis i R 
& S conjunctim ex quinq; nominibus conſtant, vel 
areæ quatuor ex curvis fi R & S conjunctim ex ſex 
nominibus conſtant, & ſic deinceps in infinitum: 
dico quod dabuntur areæ curvarum omnium. 
Demonſtratur ad modum Propoſitionis ſuperioris. 


PROP. 
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PRO p. IX. THEO R. VI. 


E gquantur Curvarum areæ inter ſe quarum Or- 
dinatæ ſunt reciproce ut fluxiones Abſciſſarum. 

Nam contenta ſub Ordinatis & fluxionibus Ab- 
ſciſſarum erunt æqualia, & fluxiones arearum ſunt 
ut hæc contenta. 


"PORDE I 


Si aſſumatur relatio quevis inter Abſciſſas dua- 
rum Curvarum, & inde per Prop. 1. quæratur 
relatio fluxionum Abſciſſarum, & ponantur Ordi- 
natæ reciproce proportionales fluxionibus, inveniri 
poſſunt innumeræ Curvæ quarum areæ ſibi mutuo 
=quales erunt. 


O ROL. ll 
Sic enim Curva omnis cujus hæc eſt Ordinata 
zi in e fg & c. aſſumendo quantitatem 


quamvis pro » & ponendo, = & P=X, migrat in 
aliam ſibi æqualem cujus ordinata eſt * V in 


e+ fx i g N &c. b. 


CO- 


——— — ä — 
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Et Curva omnis cujus Ordinata eſt 2 in 
a -|- bz - 1 cz & c. * efal-g 25 Kc. Aﬀlumen- 
do quantitatem quamvis pro” & ponendo t=s & 
2 X, 1 in aliam fibi æqualem cujus ordinata 


eſt r in Tc Kc. e Wk Ge 


COROL. IV. 


Et Curva omnis cujus Ordinata eſt + in 
EF x CTWEDST Re 
xk + Te men Ne,, aſſumendo quantitatem 
quamvis pro . & ponendo n=s & 2 oh migrat in 
alam fibi qualem cujus ordinata eſt * L in a P bx 


e * fr RR &c -T F Fre 


COROL. . 


Et Curva omnis cujus _Oriigat eft 2: in 
ef g K ponendo 7= x migrat in 
N | aliam fbi =quilem cujus ordinata eſt * 1 1 ek 


ox" ch id eſt e Peu ſi duo ſunt 
nomina in vinculo radicis vel: wy 1 8 g e 


ſi tria ſunt nomina ; & fic deinceps. = 


e 
COROL. VI. 
Et Curva omnis cujus Ordinata eſt 2** in 


e fm + gan Kc. x K + lm + mz Nc. 
ponendo 2x migrat in aliam ſibi æqualem cu- 


W 4 3 | r Br WS RIES FRG: 

jus ordinata oft ___ ET fx” -|- ox + &c| 
Kk *** mx Nc. id eſt N 
1--kxP" ſi bina ſunt nomina in vinculis radicum, 

| 4— — — — — — IM, 

vel Fram * g + fx | eK x IKA, ſi tria 

| ſunt nomina in vineulo radicis prioris ac duo in 
vinculo poſterioris: & fic in aliis. Et nota quod 
areæ du æquales in noviſſimis hiſce duobus Co- 
rollariis jacent ad contrarias partes ordinatarum. 
Si area in alterutra curva adjacet abſciſſe, area 
huic æqualis in altera curva adjacet abſciſſæ pro- 


ductæ. 


COROL en 


Si relatio inter Curve alicujus Ordinatam x & 
Abſciſſam 2 definiatur per æquationem quamvis 
fectam hujus formæ, ya in e fyzv RN ᷣ᷑T1 - hy3nz3" 
+ &. = in k IN my z + &c. he 
figura aſſumendo s , X= & ,= I, migrat 
in aliam ſibi æqualem cujus Abſciſſa x, ex data 

Ordinata 
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Ordinata v, determinatur per æquationem non 


affectam . x @-|- fe gv. + 24 aa xk + Iv» 
+my* T Ke” =X. 


COROL. vw. 


81 relatio inter Curve alicujus ann y & 
Abſciſſam 2 definitur per qu uationem quamvis 


affectam hujus forme, y* in eEfy gy 25 ＋&c. 
=2 in KL F m Ke. --27 in p fd 


+ ry an 257 + &c. hæc figura aſſumendo s= X = 25 5 


c ad-y 
n= SF & 2 N, migrat in aliam ſibi a 


cujus Abſciſſa x ex data Ordinata v determinatur 
per æquationem minus affectam v* in e + fyn++ gun 


+ Kc. = yy” in k IV mv” + &c, PSN in 
2 + rv* + &c. 


COROL. N. 


Curva omnis cujus Ordinata eſt 2 in 
e Ig Kc. eff + gan Reb” > 

la a -+ blez' fz + Far elf, fi fit 8 =" & 
aſſumantur x e +: far | g an Kc. |=, 4 =; 
& 9 = AA migrat in aliam fibi æqualem cujus ordi- 


nata eft 0 KA Yb Et nota quod ordinata prior 
5 in 


L931 

in hoc Corollario evadit fimplicior ponendo x= 1, 

vel ponendo 7=1 & efficiendo ut radix dignitatis 

extrahi poſſit cujus index eſt , vel etiam ponendo 

o=—I&a=I=r=" z; ut alios caſus præte- 
ream. 


1 S FS 
| 5 p 4 1 f #.3 boy — * | . 
COROL. X. 


| Pro ez = fz + gz K * &c Z ve7!-1 T2 fees 
+ g. * . &c. k ＋ 12. + mae 4 c. & Alas 
T umz - &c. ſcribantur R, r, S & s reſpective, & 
Curva omnis cujus ordinata eſt Sr Rs in R. 
x a8 bRI, fi fit = = 2, , . ='5, 
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& RS = x, migrat in aliam ſibi æqualem cujus or- 
dinata eſt x* abb . Et nota quod Ordinata 
prior evadit ſimplicior, ponendo unitates pro r, 
& a vel H & faciendo ut radix dignitatis extrahi 
poſſit cujus index eſt , vel ponendo « = =1 vel. 
4 O. F ; 
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Invenire figuras fimplicifſimas cum quibus Curva 
quævis geometrice compari poteſt, cu Jus | ordinatim 
applicata y per æquationem non affectam ex data ab- 


ſciſſa z determinatur. 
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Sit Ordinata azF' „& area erit gaz?, ut ex Prop V. 


ponendo b=0=c= Sa- 1 78 7 -h & e=1, facile . 


ligitur. 
ee 1th. 1 £1 
mals 2 55 wh 4 4's 2 
ee r NB : | 
lichte ar. 8 5 ＋ 82? &. &k 


n figüris Fehitincis  geometrice. eomparari 
poteſt. quadrabitur per Prop. V. ponendo b=6=c 
ad. Sin minus convertetur in; alam curvam {bi 


agile cujus Ordinata eſt = * X @: ed fx gN&c. ip 


Ranches a: Prop. 00 Peinde fi: de dignitatum 


ieibus lr N Ir per. Phops VII. rejreiantur mi- 
tates donec dignitates ilke fant quam minimæ, de- 
venietur ad . Pe bee rg quz hac ratione 
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eſt, Et £ his per 4 III & Corol. 9 & Io, 


_— IX. inter ſe t. Ie t 3 "hu: = 
11 iciſ 


l 0 
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us 4 8. | i. HRT Ld 


Wo Ordinata my = 4 T7 b. Fat THY +Þ 


" © Lian 9755 Pe, & hæc figura fi quadrari 
poteſt, quadrabitur per Prop, V. Sin minus, di- 
ſtinguenda eſt ordinata in . zu xaxe fa 
gz + &c. v, z „ bz e+f; zu -g 2 & [ON 
Kc. & per Cal. 2. inveniendæ ſunt figuræ fimpli- 
ciſſimæ cum quibus figure partibus 1111s reſpon- 
dentes comparari poſſunt. Nam areæ figurarum 
partibus illis reſpondentium ſub ſignis ſuis . & 
conjundte en eam totam e 269 
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| 5508p? Ordinata 26 X a 4 EF TE = X 
87 rg + &cþ K F 12 T mz Nc e: 
& fi Curva quadrari poreſt, quadrabitur per Prop. VI. 
Sin minus, convertetur in fimpliciorem per Corol. 4. 
Prop. IX. at deinde comparabitur cum'figuris/fim- 
Prop. IX. per Prop. VI I. & Corol. 6, * 1 5 10 

rop. IX. ut fit 1 in Caſu 2 & 3. 
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Si Ordinata ex variis partibus conſtat „ partes 
ſingulæ pro ordinatis curvarum totidem habendæ 


ſunt, & curve illz quotquot quadrari poſſunt, ſigilla: 
WOES. tim 


863 
tim quadrandz ſunt, earumqz-qrdinatz de ordinata 
tota: demendæ. Dein Cura quam ordinate pars 
reſidua. deiignat ſeodfimoif: ut in Caſu 2, 3 & 4, 
cum figuris timpliciſiim Wy ae e elt cum qui- 
bus e poteſt. Et ſumma arearum omnium 
ing 1 meren Prop ha abenda e eb 
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Hine etiam « Cut omnis cujus Ordinata eſt ra- 
Aix quadratica affecta zquationis ſuæ, cum figuris 
fimpliciffimis ſeu rectilineis ſeu curvilineis com- 
part poteſt. Nam radix illa ex duabus partibus 
ſemper conſtat quæ ſeorſim fpectatæ non ſunt æqua- 
num radices affectæ. Proponatur æquatio aayy 
Y = aa Y-. , & extracta radix erit 


* . 1 — VERT = jus Pars Sn 
eee dae . 55 2 


$3423 8 & pars irrationalis — 
ordinatæ curvarum quæ per hanc Propoſitianem 
vel quadrari poſſunt vel cum figuris ſimpliciſſimis 
comparari cum quibus collationem geometricam ad- 
_— ic 1 


* 3 
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Et curva omnis cujus Ordinata per æquationem 
quamvis affectam definitur quæ per Corol. 7. Prop. 
IX. in æquationem non affectam migrat, vel qua- 


a 1:7 d . dratur 


8 
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dratur per hanc Propoſitionem fi quadrati poteſt vel 
comparatur cum figuris 'fimpliciffimis cum quibus 
compari poteſt. Et hac ratione Curva omnis quadra- 
tur cujus æquatio eſt trium terminorum. Nam æqua- 
tio illa ſi affecta ſit trauſmutatur in non affectam per 
Corol. 7. Prop. IX. ac deinde per Corol. 2 & 5. Prop. 
IX. in ſimplicſſimam migrando, dat vel quadratu- 
ram figuræ ſi quadrari poteſt, vel curvam ſimpliciſ- 
ſimam quacum comparatur. 


COROL m 


Et Curva omnis cujus Ordinata per æquationem 
quamvis affectam definitur quæ per Corol. 8. Prop. 
IX. in æquationem quadraticam affectam migrat; 
vel quadratur per hanc Propoſitionem & hujus Co- 
rol. 1. ſi quadrari poteſt, vel comparatur cum figu- 
ris ſimplieiſſimis cum quibus collationem geometri- 


cam admittit. . . | 


SCHOLIU M. 


Ubi quadrandz ſunt figurz ; ad Regulas haſce 
generales ſemper recurrere nimis moleftum eſſet: 
præſtat Figuras que fimpliciores ſunt & magis uſui 
eſſe poſſunt ſemel quadrare & quadraturas in Ta- 
bulam referre, deinde Tabulam conſulere quoties 
ejuſmodi Curvam aliquam quadrare oportet. Hu- 
jus autem generis ſunt Tabulæ duæ ſequentes, in 


quibus z denotat Abſciſſam, y Ordinatam rectan- 
| gulam 
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gulam & t Aream Curvæ quadrandæ, & d, e, eg 


8. h, er quantitates date c cum en u . 


0. urvarum any que «ure pj unt. 
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Curvarum formz. Cortetüm areæ. 


Forma prima. 
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1 
sit jam aGD * PGD vel GDS Sectio 
Conica cujus area ad Quadraturam Curve pro- Fig. 96,58. 
poſitæ requiritur, fitq; ejus centrum A, Axis Ka, 
Vertex a, Semiaxis conjugatus AF, datum Abſciſſe $ 
principtum A veta vel a, Abſciſſa AB vel a B vel 
3 Ordinata reangula BD=v, & Area 
ABDP vel a BDG vel BDG=s, exiſtent G Or- 
dinata ad punctum «. Jungantur KD, AD, a D. Du- 
catur Tangens DT occurrens Abſciſſe AB in +. 
& compleatur parallelogrammum ABDO. Et 
fiquando ad quadraturam Curve propoſitæ requi- 
runtur afeg em Sectionem Conicarum, dica- 
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Sit aten — - differentia Gar quantitatum ua in- 
certum eſt utrum poſterior de priori an prior de po- 
ſteriori ſubduci debeat. 
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In Tabulis hiſce, ſeries Curvarum cujuſq; formæ 
utrinq; in infinitum continuari poteſt. Scilicet 
in Tabula prima, in numeratoribus arearum for- 

mz tertiæ & quartz, numer! coefficientes initialium 
terminorum (2, —4, 16, —96, 868, &c.) generan- 
tur multiplicando numeros— 2, —4, —b, — Io, &c. 
in ſe continuo, & ſubſequentium terminorum coef- 
ficientes ex initialibus derivantur multiplicando 
ipſos gradatim, in Forma quidem tertia , per —, 

7 7 


' . , —$» — &c. in quarta vero per —;, — , 

1 — . — 7, i &c. Et Denominatorum coefficientes 

g 3, 15, 105, &c. prodeunt multiplicando numeros 4 
1, 3, 55 75 9) &c. in ſe continuo. «a 
In ſecunda vero Tabula, ſeries Curvarum forme I 
; prime, ſecundæ, quintæ, ſextæ, nonæ & decimæ ope 

: ſolius divifionis, & forme reliquz ope Propoſitio- 

. nis tertiæ & quartæ, utrinq; producuntur in in- 


—A : n 
4 Quinetiam  h# ſeries mutando ſignum numer! , 
variari ſolent. Sic enim, e. g. Curva e = y., 
evadit 2 Vf. e. 88 55 
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PRO P. XX. THEO R. vil. 


Sit ADI C Curva quævis Abſciſſam habens ig. 9. 
AB=z & Ordinatam BD=y, & fit AEK C Curva 
alia cujus Ordinata BE æqualis eſt pore ages: 


[206 
ADB ad unitatem applicatæ, & AFL C Curva 
tertia cujus Ordinata B F'zqualis eſt ſecundæ arex 
AEB ad unitatem applicatæ, & AGMC Curva 
_quarta cujus Ordinata BG zqualis eſt tertiæ arex 
AFB ad unitatem applicatæ, &AHNC Curva 
58. cujus Ordinata BH æqualis eſt quartz arez 


B ad unitatem applicatz, & fic deinceps in 


infinitum. Et ſunto A, B, C, D, E, &c. Areæ Cur- 


varum Ordinatas Habentlum 77 25 2 7. 2 2 5 


& Abſciſſam communem 2. 


Detur Abſciſſa quævis AC=t, fitq; Pest 


=X, & ſunto P, Q, R, 8, T areæ Curvarum Ordi- 


natas habentium * XY xxy, , x'y & Abſciſſam 
communem x. 


Terminenter autem hz arex omnes ad Abſciſſam 
totam datam AC, nec non ad Ordinatam poſitione 
datam & infinite produttam CI: & erit arearum 

ſub initio poſitarum prima ADIC=A=P, ſecunda 


AEKC=tA—B=0Q. Tertia AFLC = i = R. 
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Unde f Curve quarum Ordinatæ ſunt 5 25 
% By, &. vel y, xy, xy, &y, &c. quadrari 
poſſunt, quadrabuntur etiam Curvæ ADIC, AEKC, 


AFLC, AGMC, &c. & habebuntur Ordinatæ BE, 
BF, BG, BH areis Curvarum proportionales. 


Y 


 SCHOLIUM. 


Quantitatum fluentium fluxiones eſſe primas, 
fecundas, tertias, quartas, aliaſq; diximus ſupra. 
Hz fluxiones ſunt ut termini ſerierum infinita- 
rum convergentium. Ut ſi 2» fit quantitas fluens & 
fluendo evadat z--oþ, deinde reſolvatur in ſeriem 
convergentem 2%-| 10277 OO 12-5 = O 
+ &c. terminus primus hujus ſeriei 2 erit quan- 
titas illa fluens, undd Ori erit ejus ineremen- 
tum primum ſeu differentia prima cui naſcenti pro- 
portionalis eſt ejus fluxio prima, tertius Æ or 
erit ejus incrementum ſecundum ſeu differentia ſe- 
cunda cui naſcenti proportionalis eſt ejus fluxio 
ſecunda, quartus *2==032"3 erit ejus incremen - 
tum tertium ſeu differentia tertia cui naſcenti 
fluxio tertia proportionalis eſt, & ſic deinceps in 
infinitum. . 


Exponi 


der Curvarum 
„ Kc. Ut i 
fit qu lr tts fluens, erit 

na It We 3, oo R At Si BF 1 46 225 
fas ucts, it ee, 2 ut Or. 

| nets 8 funda, tertia & debe, ut dne 5 
Et. bine in i 


ombus 4 quantitates tantum 
dus incognitas ola int, quarum una eſt quan- 

titas un iformiter fluens & altera eft fluxio quælibet 
itatis alterius fluentis, inveniri poteſt fluens . 


ill * 22 per quadraturarm C 0 urvarum. Exponatur i 


2, 


aus furt — der Ordinatam BD, & ſi hæc ſit 


_— re i 


46: x 


Sed & in e aibus TR . & « © -jus 

fluxionem  primam ſine altera fluente, vel duas 
ejuſdem fluentis fluxiones, primam & ſecundam, 
vel ſecundam & tertiam, 4 tertiam & quartam, 
&c. fine alterutra fluente e inveniri poſ- 


ſunt fluentes per quadraturam Curvarum. Sit 
æquatio aay = av vy, exiſtente v = BE, 


* 
* 


VI BD, 2 AB & z 1, & æquatio illa ci 


plendo dimenſ ones fluxionum, evadet aav =avz 


1 V2, ſeu == mY —. _ ==. Jam fluat v uniformiter & 
| | - of 


fit ejus fluxio vi & exit 5F5= A 
Curvam cujus Ordinata elta & oy % h 


a- 


bebitur fluens 2. Adhæc fit æquatio aay=av4vv 
exiſtente v=BF, v=BE, v=BD & 2=AB & 
per relationem inter v & v kin BD & BE invenie- 
tur relatio inter AB&BE ut in exemplo ſuperiore. 
Deinde per hanc relationem invenietur relatio 1 in- 

ter AB & BF quadrandp Curvam AEB. | 
Iquationes quæ tres incognitas quantitates inval- 
vunt aliquando reduci Poſſunt ad æquationes que 
duas tantum involvunt, & in his cafibus' fluentes 
invenientur ex fluxionibus ut ſupra. Sit æquatio 
a—bx"==cxyry * d yy. Ponatur yy: : * & erit 
a—bx"cx 2 dus v. Hac equatio quadrando Cur- 
vam cujus Abſcifla elt x & Ordinata v dat aream 
v, & pe N altera yy=v regrediendo ad fluentes 
dat —y** v. Unde habeturfluensy. = 


Guinctiats i in æquationibus quæ tres incognitas 


involvunt & ad æquationes quæ duas tantum in- 
volvunt reduci non poſſunt, fluentes quandoq; 


prodeunt per quadraturam Curvarum. Sit æquatio 
aK bef =rex” y+ Sexryy” —fy yt j exiſtente 


= 1, Et pars poſterior rex" y*+sexryy* — N 
regrediendo ad fluentes, fit exry*— - — yt, quæ 


tt 


proinde eſt ut area Curve cujus Abſciſſa eſt x & 
Ordinata ax buf, & & inde datur fluens y. 
e Sit 


, 2 . 85 
* # | & * 2 ＋ Y 

4 * £ 1 8 7 £ e e 
Arlo x * — 
6 2 1211 
* Fay . | 


N * 22 . 4 * — | * 4044 a SY. 


cob flukio elt K a; 2 N 
exijys;, \ e 12 & 9 elt A N N85 beh. . 
r A ert ut area Curvæ 


Item fluens cajus due F erg it n 
cuſus Abſciſſa eſt y & Ordinata — id eft 
cuj T 4 + Mida BY rf bets Tr 1 
(per Caſum 3 „ Form#, quartz I Tab. J.) ut area 
at Ve Ey. Fone ergo 1 e e Ty #qualem | areæ 


Curvæ cujus Abſeiſſa eſt X & Ordinata a ar 1 wy 
2 habebieue fluens Yd 5 "4 rept / 167 
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Et nota quod fluensi'omnis que ex e prime 
3 augeri poteſt vel minui quantitate quavis 
non fluente. Quæ ex fluxione ſecunda colligitur 
augeri Peta TP We e quavis cujus 
colligitur augeri pany _ minui i quantitate quavis 
cujus fluxio tertia nulla eſt... Et ſic deinceps in in- 


fnitum... 
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Poſtquam vero "Aluentes ex dagrionibs collectæ 
ſunt, fi de veritate Concluſionis dubitatur, fluxio- 
nes fventium inventarum viciffim colligendæ ſunt 
& cum fluxionibus ſub initio propoſitis comparandæ. 
Nam ſi prodeunt #quales Concluſto recte ſe ha- 
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earum fluxiones flux jon 
æquentur. Na 
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entis aſſumptæ zqualem fluxioni pre 
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E RR ATA. 
BOOK I. Of Opricks. 


Art 1. p.3+ 1.20. Properties whith, ib. p. 5. I. 5. and that C, p. 6. 1,9. DE, 'p.21. 1.23. 

are two Rays, P+27. I. 6. in the Margin put Fig. 14 © 15, p. 30. l. 7. MN, I. 9. M, p. 

44. l. 15. as was propoſed, p. 5 2. I. 17. 4 paper Circle, p. 57. I. ult. emerging, p. 60. l. 25. 
contain with the, p · 54. 1.18. and 14th, p. 65. 1. 13. at the, p.66. I. 3. Semicircular, p.67. 


4.25. Cemer, 1.31. 45 Inches, p. 68. I. &. ro 16, 1.9. or 535 p. 7 1. I. 1. biſeF, p.72. l. 13. 
falls, 1.20. being. Part II. p. 86. I. 5. Ie lopipede, p. 89. 1.9: made by, p. 93 · 1.18. 20 774. 
1.28, 29, by the third Axiom of the firſt Part of this Book, the Laws, p. 105. l.5 ” 44 repre- 
ſemed, p. 144. JI. 24, 3, 185 J 3 fo 165. P. 118, 119. for Lib. 1. Lib. a. write 
Part 1. Part 2. p. 1 22. 1.9 indico, p. 130. J. 19. to the Angle, p. 13 2. 1.6. by the bright- 
meſs,” p. 35. 1. 14. For if in the, 1. 16. firſt Part you, p. 136. I. 26. firſt Part, 1.27. lights, 
p · 137. I. 20. green, accordingly as, P+ 138. l. 21. Prop. 5. Part. 2. p. 139. I. 5. on which, 


P. 142. l. 17. Ar which have been, P. 143. J. 7. purple, 1.16. ſeveral Lights, 1.24. of white. 

BOOK. II. 

P. 5. I. 5. nicely tbe, p. 7. I. 9. y, ⁊ denote, 1.28. them divert, p. 10. I. 24. 1000 to 1024, 
P · 1. 1. 1 1. oliquities, J. P · 17. 1.4. 147 10 957 P · 25. l. 11. 1 of. P31. 1. 12. More com- 
pounded, p.55. I. 3. fixes reſtect, I. 24. and therefore their Colours ariſe, p.65. 1.5. corpuſ- 
5 can, p. 7 1. 1.17. 3 P+ 84. I. 4. are 10 thoſe, p. 96. L 24. FM 
this Part of this Book, P. 103. I. 17. was to dle thickReſs, p. 105. I. 19. of this white Ring, 
p. 107. 1-20. become equal vo dbe third of thoſe. | 

Enumeratio Linearum. 

p · 143. I. 20. datas ſignis ſuis, p. 144. I. 27. reſpiciunt, p. 146. I. 5. ſunt Amptoto, p. 

1 54. 1.1 3. cx rd dat Ordinatan y 23 1.14. que generatur. : | 
Quadratura Curvarum. 


p- 168. l. 24. ret AB, p. 176. l. ult. T 0 fr p. 183. l. 13. 4, h, c, Ge. e. c. E, ln m, 


G6 | 4. 1 | © Lo Lee | ab 1 * 
Ne. p. 185. I. 4. in 2-1, p.188. l. 14. 20K go, p. 190. J. 19. . 
P · 192. 1. 18. 7 ＋ 23. p. 193. l. 11. aSu-bR7,9: ; 
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